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Abstract 


Analysis  of  the  timber  production  performance  of  the  1974  Forestry 
Incentives  Program  (FIP)  showed  that  the  average  "real"  rate  of  return 
on  timber-associated  inputs  and  outputs  of  the  1974  investments  was 
10-1/4%  on  the  direct  treatment  costs.  Seventy-five  percent  of  the  cases 
earn  a  6-3/8%  return.  The  first  rotation  yield  increase  is  estimated  at 
1.04  billion  cubic  feet,  mostly  softwoods,  occurring  within  50  years  of 
the  initial  treatment.  The  program  overall  had  high  average  returns,  but 
some  major  segments  had  low  returns.  Five  recommendations,  aimed 
at  eliminating  low  return  segments  by  developing  silvicultural  guide- 
lines for  the  screening  of  cases,  development  of  maximum  cost  stan- 
dards, and  insuring  the  follow-up  treatments  are  taken,  are  proposed. 
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Timber  Yield  and  Financial  Return  Performance 
of  the  1974  Forestry  Incentives  Program 

Thomas  J.  Mills  and  Daria  Cain 


Introduction 

The  enabling  legislation  for  the  Forestry  Incentives 
Program  (FIP),  P.L.  93-86,  authorizes  the  Secretary 
of  Agriculture  to  share  the  cost  of  forestry  practices 
with  nonindustrial,  private  forest  landowners.  The 
legislative  history  (Sikes  1973)  and  the  wording  of  the 
act  (U.S.  Congress  1973)  list  several  resource  man- 
agement goals,  but  increased  timber  production  ap- 
pears as  the  primary  goal.  Similarly,  the  President's 
(1973)  directive  upon  signing  the  bill  into  law  called 
for  development  of  a  cost-effective  timber  produc- 
tion program. 

Early  administrative  decisions  concerning  FIP  ad- 
dressed other  program  goals  such  as  soil  conserva- 
tion and  enhancement  of  recreation  opportunities 
and  wildlife  habitat.  Increased  timber  production, 
however,  predominated  as  the  major  program  goal. 
(USDA  Seer.  Agric.  1973,  USDA-FS  1947a,  USDA- 
ASCS  1974,  Mills  et  al.  1974). 

The  enabling  legislation  restricted  participation  to 
owners  of  less  than  500  acres  of  forestland  unless  a 
special  waiver  is  approved  by  the  Secretary.  The 
federal  cost-share  rate  could  vary  from  50%  to  75% 
of  the  direct  practice  cost.  In  1974,  Secretary  of  Agri- 
culture administrative  regulations  further  restricted 
participation  to  tracts  with  a  production  potential  of 
more  than  50  cubic  feet  of  timber  per  acre  per  year. 
In  tree  planting  practices,  owners  were  not  eligible 
for  cost-sharing  assistance  if  they  had  commercially 
harvested  timber  in  the  previous  5  years  on  the  tract 
to  be  cost-shared.  Other  major  changes  in  program 
regulations  have  been  instituted  since  1974. 

The  program  is  jointly  administered  by  three  coop- 
erating agencies.  The  USDA  Forest  Service  (FS)  pro- 
vides technical  input  such  as  forestry  practice  specifi- 
cations and  recommendations  for  funding  apportion- 
ment procedures.  The  USDA  Agricultural  Stabiliza- 
tion and  Conservation  Service  (ASCS)  has  the  major 
program  administration  responsibilities  of  owner  eli- 
gibility, waiver  applications,  and  cost-share  pay- 
ments to  participants.  State  forestry  agencies  and 
private  forestry  consultants  provide  on-site  technical 
assistance  to  eligible  landowners.  State  forestry  per- 
sonnel also  check  the  installed  practice  before 
payment  is  issued  to  be  sure  it  complies  with  practice 
guidelines. 


Study  Justification 

The  law  required  periodic  reports  to  Congress  on 
FIP  performance.  An  interagency  Program  Develop- 
ment Committee,  established  in  USDA  in  1974,  also 
requested  a  rigorous  evaluation  of  the  performance 
of  FIP.  Performance  evaluations  and  cost-effective- 
ness were  central  issues.  There  is  also  a  standing 
USDA  policy  which  requires  an  early  performance 
evaluation  of  new  programs  (USDA  Seer.  Agric. 
1972). 

The  FIP  evaluation  plan,  prepared  in  response  to 
the  Program  Development  Committee's  request,  out- 
lined a  three  stage  evaluation  of  the  1974  program 
performance  (USDA-FS  1974b).  The  first  stage 
described  the  program  composition  and  rated  per- 
formance by  a  number  of  cost-effectiveness  indi- 
cators. The  results  of  the  first  stage  evaluation  of 
1974  performance  indicated  that  program  perform- 
ance was  generally  favorable  with  respect  to  cost  ef- 
fective timber  production  but  improvement  was 
possible  (Mills  1976,  Mills  and  Cain  1976).  The 
second  stage  evaluation,  reported  in  this  paper,  esti- 
mates the  potential  financial  return  and  timber  yield 
increase  from  FIP  investments.  The  future  third-stage 
evaluation  is  designed  to  evaluate  the  treatment 
follow-up  and  retention  of  the  FIP  investment  cases. 

Study  Objectives 

Two  objectives  were  sought  in  this  study: 

primary  objective:  estimate  the  timber  yield  in- 
crease likely  from  the  FIP  assistance  cases  admin- 
istered in  1974  and  estimate  the  financial  return 
associated  with  that  timber  yield  increase,  and 

secondary  objective:  determine  the  performance  of 
major  segments  of  the  1974  program  with  respect 
to  timber  output  in  order  to  develop  recommen- 
dations on  how  future  program  performance 
might  be  improved. 

Both  objectives  concentrate  on  only  the  timber 
aspect  of  FIP  performance  on  the  investments  ac- 
tually installed  in  1974.  The  analysis  questions 
whether  the  timber  yield  and  value  increase  likely  to 
result  from  the  FIP  treatment  can  justify  the  increase 
in  management  cost.  A  marginal  analysis  format  is 
used  which  implicitly  assumes  that  the  land  would  be 
growing  trees,  with  or  without  the  FIP  practice. 


1 


The  1974  Evaluation  Year 

FIP  assists  from  1974  were  analyzed  in  this  study. 
Questions  have  been  raised  about  how  well  the  first 
year  represents  the  program.  Program  delivery 
started  late  the  first  year  due  to  a  Presidential  appro- 
priation recision  request  which  Congress  subse- 
quently overrode.  Also,  it  took  time  before  smooth 
operating  procedures  were  developed  to  deliver  the 
program  through  a  delivery  system  including  ASCS, 
the  Forest  Service,  and  State  forestry  agencies.  The 
initial  concern  was  development  of  an  operational 
program  while  the  question  of  program  composition 
was  secondary. 

The  1974  cases  on  the  other  hand,  were  prescribed 
and  checked  by  professional  foresters  in  the  State  for- 
estry agencies.  These  same  foresters  had  delivered 
forestry  assistance  under  the  Agricultural  Conserva- 
tion Program  (ACP)  and  the  Cooperative  Forest 
Management  (CFM)  Program  for  years. 

In  1974,  there  was  also  a  backlog  of  high  potential 
cases  and  very  receptive  landowners  in  some  states 
which  may  not  be  common  in  later  program  years. 
The  President  issued  appropriation  recision  requests 
again  in  1975  and  1976.  It  might  be  difficult  to  select 
a  "typical"  year  for  evaluation,  but  this  earliest  pos- 
sible evaluation  will  provide  program  guidance. 

In  spite  of  these  pros  and  cons  about  selection  of 
1974  as  a  sample  year,  there  is  ample  evidence  that 
program  guidelines  have  been  progressively  focused 
to  enhance  timber  production  performance.  For 
example,  most  states  have  set  increasingly  higher 
tract  size  minimums  than  the  nationwide  guideline 
for  a  10-acre  tract  size  minimum  (USDA-ASCS 
1977b).  Average  tract  sizes  have  risen  significantly 
since  1974,  almost  doubling  for  both  reforestation 
and  timber  stand  improvement  practices  (table  1). 

High  cost  practices  have  drawn  increasing  atten- 
tion since  1974.  No  formal  guidelines  have  been  es- 
tablished at  the  national  level,  however,  except  for 
the  minor  component  of  fencing.  Average  direct 
costs  (federal  plus  private  share)  have  risen  27%  on 


site  preparation  and  planting  (FP-1).  This  cost  in- 
crease on  planting  is  slightly  more  than  the  21%  in- 
crease in  the  All  Commodity  Wholesale  Price  Index 
(WPI)  over  the  same  period.  This  is  consistent  with 
the  findings  of  Moak  et  al.  (1977)  that  silvicultural 
treatment  costs  in  the  South,  between  1967  and  1976, 
rose  faster  than  the  All  Commodity  WPI.  The  aver- 
age direct  cost  of  timber  stand  improvements  (FP-2) 
has  not  risen  at  all  between  1974  and  1977. 

The  5-year  period  harvest  rule  was  removed  in 
1978.  This  will  probably  lead  to  earlier  and  less 
costly  site  preparation  than  under  the  earlier  regula- 
tions. The  State  service  forester  can  now  specify  the 
federal  cost-share  rate  on  a  case-by-case  basis  as  long 
as  the  cost  does  not  exceeid  the  State  maximum  and 
the  cost-share  percentage  is  not  less  than  50%.  This 
too  should  lead  to  lower  average  costs  since  the  State 
level  cost-share  maximums  were  used  on  almost  all 
cases  before.  These  program  changes  should  be  kept 
in  mind  when  interpreting  study  results. 

Study  Procedures 

The  complete  population  listing  of  assistance  cases 
administered  in  1974  was  stratified  into  77  separate 
sample  "cells"  and  sample  cases  were  randomly 
drawn  from  each  cell.  Investments  were  analyzed 
within  a  marginal  analysis  format  which  compared 
the  probable  costs  and  returns  without  the  FIP  invest- 
ment with  those  likely  once  the  FIP  investment  was 
installed.  Several  types  of  data  were  required  in  the 
marginal  analysis  approach,  including  ground  meas- 
urements on  pre-  and  post-treatment  stand  condi- 
tions, treatment  costs,  stumpage  prices,  management 
regimes,  and  yield  estimates.  These  inputs  were  esti- 
mated as  closely  as  possible  for  case-specific  condi- 
tions. Then  the  financial  return  to  timber  production 
and  timber  yield  increase  was  estimated  for  each 
sample  case.  Sample  case  results  were  expanded  to 
total  population  estimates  and  aggregate  program  re- 
sults were  compiled.  High  and  low  performance 


Table  1.  Average  direct  treatment  cost  and  average  tract  size  in  FIP  from  1974  to  1977,  by 

practice 


Average  direct  cost1  Average  tract  size 

Program                                Timber  stand  Timber  stand 

year         Reforestation2         improvement3        Reforestation  improvement 

(dollars/acre)  (acres) 

1974                  52                         29  15.3  17.9 

1975-764                6  8                         25  1  8.6  32.7 

1977                  66                         29  29.1  31.7 


Source:  USDA-ASCS  report  EL-11-R  which  includes  all  cases  completed  and  paid  during 
the  specific  period.  Wash.  D.C. 
'Included  the  federal  and  private  cost-shares 
2 Practice  FP-1. 
^Practice  FP-2. 

includes  the  short  1975  year  when  funds  were  received  late,  the  full  FY  1976,  and  the  transi- 
tion quarter  when  the  FY  was  changed  from  July  to  October. 
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Figure  1.— Schematic   representation   of   major  study 

sections. 

segments  were  then  identified  which  led  to  recom- 
mendations for  improved  performance.  Figure  1 
presents  a  schematic  representation  of  these  steps  and 
shows  the  order  in  which  procedures  and  results  will 
be  described  in  detail. 

Sampling  Scheme 

A  complete  population  listing  of  the.  15,849  FIP 
cost-share  assists  administered  in  1974  was  developed 
for  the  first-stage  FIP  evaluation.  Information  on 
tract  size,  percentage  cost-share  rate,  and  federal 
cost-share  expenditures  was  available  for  each  case. 
Site  class,  pre-  and  post-treatment  forest  type,  broad 
practice  class,  and  state  identifications  were  also 
available.  Miscellaneous  practices  such  as  fire  roads 
and  fencing  —  some  of  which  can  no  longer  be  cost- 
shared  with  FIP  funds  —  were  excluded  from  the 
population  list  because  of  their  unique  evaluation 
problems.  The  excluded  miscellaneous  practices  ac- 
counted for  only  1.5%  of  the  federal  cost-share  ex- 
penditures in  1974  and  have  had  a  similarly  small 
role  in  subsequent  program  years. 

Based  on  the  two  evaluation  objectives,  the  popu- 
lation list  was  stratified  by  broad  practice  and  forest 
type  groupings.  The  population  was  further  stratified 
by  state  because  of  the  important  role  that  State  for- 
estry agencies  have  in  the  technical  direction  of  the 
program. 


Separate  sample  cells  were  identified  if  cases  within 
that  cell  totalled  more  than  1,500  acres.  States  were 
separated  for  individual  sampling  if  more  than  1.5% 
of  the  1974  treated  acreage  was  within  the  state  and  if 
more  than  75%  of  the  treated  acres  occurred  in  one 
of  the  broad  practice-forest  type  strata.  If  a  state  was 
not  separately  identified  or  if  one  of  the  broad 
practice-forest  type  strata  was  small  in  an  identified 
state,  the  cases  were  placed  in  an  "Other  North," 
"Other  South,"  and  "Rocky  Mountain"  or  "Pacific 
Coast"  strata.  Practices  that  were  not  individually 
identified  in  any  of  the  major  broad  practice-forest 
type  strata  were  placed  in  an  "Eastern  Residual"  or 
"Rocky  Mountain  Residual"  cell  for  sampling 
purposes. 

This  stratification  approach  identified  77  separate 
sampling  cells,  with  38  in  the  South,  33  in  the  North, 
4  in  the  West,  and  2  residual  cells.  Thirteen  separate 
practice-forest  type  strata  were  employed  and  20 
states  were  individually  recognized  for  sampling  pur- 
poses (table  2).  Population  cases  were  then  separated 
into  nine  subcell  stratifications  by  three  federal  cost- 
per-acre  classes  and  three  site  classes. 

With  no  prior  information  on  the  variance  of  fi- 
nancial return  and  increased  yield  within  sample 
cells,  sample  size  was  a  function  of  intuition  and  time 
and  cost  constraints.  Twenty  sample  cases  were 
drawn  from  each  sample  cell  with  a  minimum 
sampling  intensity  of  3%  and  a  maximum  sampling 
intensity  of  50%.  Samples  were  proportionally  al- 
located among  the  nine  subcell  strata  and  syste- 
matically drawn  after  a  random  start. 

A  total  of  1,439  sample  cases  were  drawn  under 
this  approach  in  the  East  and  90  were  drawn  in  the 
West.  In  July  1975,  a  few  sample  cases  still  identified 
as  only  "substantially  completed"  were  replaced  by 
"completed"  cases  drawn  in  the  same  manner  as  the 
original  samples.  Later,  96  cases  were  discarded  due 
to  incomplete  or  widely  conflicting  ground  measure- 
ments. 

This  left  a  final  sample  of  1,354  cases  in  the  East 
and  79  in  the  West.  The  resulting  sampling  intensity 
was  10%  in  the  South,  9%  in  the  North,  and  16%  in 
the  West.  The  sampling  intensity  generally  ranged 
between  6%  and  18%  for  the  states  that  were  indi- 
vidually sampled. 

All  study  results  are  in  the  form  of  population 
estimates.  Sample  results  were  expanded  to  popula- 
tion estimates  by  the  following  factor: 

f  no.  population  cases  in  sample  cell 

expansion  factor  —  r  i  :  1 —  m 

no.  sample  cases  in  sample  cell 

This  same  expansion  factor  was  applied  to  a  sample 
case  regardless  of  any  post-stratification  of  the 
sample.  All  estimates  of  population  means,  such  as 
average  internal  rate  of  return,  were  calculated  as 
weighted  averages  where  the  tract  size  as  well  as  the 
expansion  factor  were  used  as  weights. 
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Table  2.  Sampling  cell,  sample  size,  population  size,  and  sampling 


State 


Species  group 
ana  practice 

Missouri 

Alabama 

Arkansas 

Honda 

Georgia 

Louisiana 

Mississippi 

Southern  pine, 
plant  bare  land 

(V 

17 
186 

(2) 

18 
75 

(3) 

20 
110 

(4) 

19 
89 

(5) 

15 
166 

(6) 

24 
293 

Southern  pine, 
site  preparation 
and  planting 

(11) 

23 
481 

(12) 

21 

77 

(13) 

20 
197 

(14) 

22 
652 

(15) 

25 
122 

(16) 

17 
415 

Southern  pine  and 
oak-pine,  precom- 
mercial  thin,  and 
release 

(22) 

13 
71 

(23) 

15 
153 

(24) 

10 
36 

(25) 

19 
70 

(26) 

14 

62 

Southern  pine,  and 
oak-pine,  cull 
tree  removal 

(30) 

10 

35 

(31) 

8 
56 

— 

(32) 

16 
29 

(33) 

10 
26 

Northern  pine, 
site  preparation 
and  planting 

— 

Eastern  residual 

Total2 

387 
507 

44 
714 

64 
449 

42 
327 

67 
822 

69 
413 

58 
888 

Percent 
sampled 

17.16 

6.16 

14.25 

12.84 

8.15 

16.71 

6.53 

State 


Species  group 
and  practice 

Michigan 

Minnesota 

and 
Wisconsin 

Vermont 

Maine 

New 
Hampshire 

Northern  pine, 
and  spruce-fir, 
plant  bare  land 

(39) 

25 
388 

(40) 

25 
810 

(41) 

19 
255 

Northern  pine, 
and  spruce-fir, 
site  preparation 
and  planting 

(43) 

12 

137 

(44) 

16 
225 

Northern  pine, 
and  spruce-fir, 
precommercial  thin, 
and  release 

(46) 

20 
191 

(47) 

25 
250 

Northern  pine, 
and  spruce-fir, 
prune 

(48) 

19 
108 

(49) 

20 
59 

Oak-hickory, 
precommercial  thin, 
and  release 

Oak-hickory, 
cull  tree  removal 

Maple-beech-birch, 
precommercial  thin, 
and  release 

(55) 

21 
191 

(56) 

23 
109 

(57) 

16 
59 

(58) 

17 
106 

Maple-beech-birch, 
cull  tree  removal 

(61) 

15 
88 

Total 

99 
1025 

68 
1296 

29 
180 

63 
601 

46 
439 

Percent 
sampled 

9.66 

5.25 

16.11 

10.48 

10.48 
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percentages1  by  geographic  region,  species,  and  practice  group. 


State 

North 
Carolina 

UKianoma 

South 

n  r  /-\  lino 

Carolina 

Texas 

\  /  ■  t*Ai  into 

v  irgima 

Other 
oouin 

Eastern 
resiauai 

Total" 

Percent 
sampled 

(7) 

14 
139 

(8) 

16 
80 

(9) 

23 
154 

(10) 

13 
116 

(35) 

20 
60 

199 
1468 

13.56 

(17) 

39 
1114 

19 
34 

(19) 

24 
229 

(20) 

18 
167 

(21) 

27 
498 

(36) 

19 
191 

— 

974 
4177 

(27) 

17 
51 

(28) 

19 
51 

(29) 

17 
56 

(37) 

17 

233 

141 

783 

18.01 

— 

(38) 

8 
84 

— 

52 
230 

22.61 

(34) 

21 
191 

— 

— 

— 

— 

— 

— 

(71) 

29 
949 
(72)  5 
235 

— 

2.87 

83 
1605 

39 
96 

41 
336 

60 
389 

57 
683 

64 
568 

34 
1184 

5666 
6658 

10.00 

5.17 

40.65 

12.20 

15.42 

8.35 

2.87 

10.00 

State 

New 
York 

Pennsyl- 
vania 

Indiana 

Missouri 

Other 
North 

Total 

Percent 
sampled 

(42) 

21 
210 

(63) 

27 
679 

117 
2342 

5.00 

(45)  14 
195 

(64) 

13 
468 

76 
1216 

6.25 

(65) 

30 
389 

75 
830 

9.04 

(66) 

21 
191 

60 
358 

16.76 

(50) 

9 
95 

(51) 

19 
58 

(52) 

26 
109 

(67) 

18 
596 

72 
858 

8.39 

(53) 

19 
80 

(54) 

26 
116 

(68) 

28 
391 

73 
587 

12.44 

(59) 

20 
340 

(60) 

25 
90 

(69) 

15 
171 

137 
1066 

12.85 

(62) 

20 
86 

(70) 

9 
65 

44 
239 

18.41 

47 
573 

80 
775 

44 
225 

87 
507 

161 
2950 

654 
7496 

8.72 

8.20 

10.32 

19.56 

17.16 

8.72 
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Table  2.  Continued 


Region 


Species  group 
and  practice 

Pacific 
coast 

Rocky 
mountains 

Total 

Percent 
sampled 

r^niinla^-fir  anH 
uuuy  lao  111  diiu 

ponderosa  pine, 
plant 

20 
201 

— 

20 
201 

9.95 

uuuy  id o  i  M  d 1 1 u 

ponderosa  pine, 
precommercial  thin 
and  release 

20 
81 

— 

20 
81 

24.69 

All  types, 
plant 

— 

(75) 

7 
59 

7 
59 

11.86 

UUULJ Ido- 1 1 1  aMU 

ponderosa  pine, 
precommercial  thin 
and  release 

— 

17  P.  \ 
(fOj 

18 
106 

18 
106 

16.98 

Rocky  Mountains 
residual 

(77) 

14 
51 

14 
51 

27.45 

Total 

40 
282 

39 
216 

79 
498 

15.86 

Percent 
sampled 

14.18 

18.06 

15.86 

1777e  three  numbers  in  each  block  are  the  sample  cell  number  (in  italics),  the 
number  of  samples,  and  the  number  of  cases  in  the  population. 
2The  state  total  includes  the  "other"  and  the  "residual"  samples  in  the  state. 
3The  Missouri  total  includes  the  "North"  and  "South"  samples. 
*The  total  column  adds  down,  but  does  not  add  across. 
5The  South  total  and  the  North  total  do  not  include  the  Eastern  residual. 


Marginal  Analysis  Format 

The  study  objectives  call  for  comparisons  of  the  fi- 
nancial return  and  yield  increase  associated  with  the 
FIP  investment  against  what  would  be  expected  in  the 
absence  of  FIP  on  that  tract.  Since  no  immediate 
yield  increases  occurred  as  the  result  of  the  initial  FIP 
practice,  assumptions  about  two  complete  manage- 
ment regimes  were  required: 

intense  regime:  a  set  of  actions  starting  with  one 
FIP  practice  and  followed  by  a  sequence  of  rela- 
tively intense  but  practical  practices  and 
harvest,  and 

current  regime:  a  sequence  of  actions  characteristic 
of  what  typical  nonindustrial  private  land- 
owners are  now  applying. 

All  yield  and  mean  annual  increment  (MAI)  in- 
creases are  estimated  from  the  difference  or  the  in- 
terval between  these  two  regimes  (figure  2).  Both 
regimes  are  carried  to  a  second  rotation  which  is  then 
repeated  in  perpetuity  in  order  to  standardize  the 
time  horizons  of  competing  investments.  The  finan- 
cial returns  are  estimated  from  the  interval  between 
these  two  perpetual  series.  Any  costs  or  returns  that 
are  of  the  same  magnitude  and  occur  at  the  same  time 
in  both  the  intense  and  current  regimes  cancel  each 
other  out.  For  this  reason  land  costs  can  be  ignored. 
Annual  management  costs  were  also  excluded,  al- 
though they  may  be  slightly  higher  in  the  intense 


regime.  Taxes  were  excluded  because  they  have  no 
impact  upon  the  productivity  of  the  investments. 

This  study  estimates  the  return  and  yield  increase 
likely  from  sample  FIP  investments  as  they  were  ac- 
tually installed,  assuming  they  are  followed  by  a  se- 
quence of  practices  of  an  intensity  commensurate 
with  the  initial  treatment.  This  estimates  whether  the 
marginal  FIP  investment  which  was  actually  installed 
will  be  "productive."  The  study  does  not  attempt  to 
determine  whether  the  treated  acreage  should  be  used 
for  timber  production  or  not,  nor  whether  the  level 
of  management  intensity  reflected  by  the  FIP  practice 
is  the  optimum  intensity  for  that  site  and  stand  condi- 
tion. 

Assumptions  about  the  practices  and  harvests 
which  follow  the  initial  FIP  treatment  and  the  se- 


Intense 
regime 


First  rototion 

A 


Second  rotation 


i  r 

FIP 
practice 


Final 
harvest 


Final 
harvest 


Current 
regime 


Interval 
evaluated 


Final 
harvest 


Final 
harvest 


Time 


Figure  2.— The  basic  marginal  analysis  format. 
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quence  which  is  assumed  for  the  current  regime  have 
a  great  impact  upon  the  study  results.  Several  alter- 
native sets  of  assumptions  are  possible  and  each  has 
its  advantages.  The  selection  of  alternative  assump- 
tions was  judgmental. 

One  important  assumption  in  the  regimes  concerns 
the  retention  of  the  practices  through  final  harvest. 
The  ground  measurements  were  made  from  1  to  1- 
1/2  years  after  the  FIP  practice  was  installed,  which 
covers  the  most  crucial  plantation  survival  period. 
Some  plantations  were  absent  at  that  time  because  of 
poor  survival,  fire,  land  use  changes,  or  any  one  of  a 
host  of  other  reasons.  For  the  plantations  still  intact, 
however,  it  was  assumed  that  all  will  be  carried  to 
maturity,  i.e.,  that  subsequent  retention  is  100%. 
Kurtz  et  al.  (1978)  estimates  of  the  retention  of  ACP 
tree  planting  practices  in  five  Eastern  states  generally 
run  above  90%.  Shackelford's  (1976)  estimates  of 
Soil  Bank  plantation  retention  in  selected  southeast- 
ern states  are  very  similar.  Williston  (1972)  found 
similar  retention  in  Civilian  Conservation  Corps 
(CCC)  plantations  in  north  Mississippi.  Since  these 
studies  include  losses  from  the  time  of  planting,  the 
results  are  quite  consistent  with  the  100%  subsequent 
retention  rate  assumption  beyond  age  1-1/2  years. 

Williston  and  Dell  (1974)  found  a  lower  retention 
among  Yazoo-Little  Tallahatchie  (Y-LT)  plantations 
in  north  Mississippi.  The  lower  retention  rates  in  this 
study  may  be  related  to  the  stronger  soil  conserva- 
tion goal  of  the  Y-LT  program. 

Another  important  assumption  was  that  complete 
practice  follow-up  will  occur  if  sample  case  condi- 
tions indicate  that  they  are  needed.  This  assumption 
is  less  certain  than  the  one  on  100%  subsequent 
retention.  Studies  on  the  current  condition  of  planta- 
tions (Kingsley  and  Mayer  1972,  Kurtz  et  al.  1978, 
Williston  1972)  indicate  that  follow-up  practices  are 
applied  less  frequently  than  can  be  justified  silvicul- 
turally  and  financially.  Because  of  these  prior 
studies,  special  attention  was  given  to  identifying 
1974  FIP  cases  that  require  follow-up  treatment,  spe- 
cifying where  they  are  generally  located,  and  indicat- 
ing what  follow-up  is  required. 

The  intense  regimes  were  all  carried  through  a 
"sawtimber"  rotation,  for  example,  30  years  for  slash 
pine,  45  years  for  loblolly  pine,  and  50  years  for 
longleaf  and  shortleaf  pine.  Commercial  thinnings 
were  included  in  all  regimes  but  care  was  taken  to  in- 
clude them  only  when  sufficient  thinning  volume  had 
accumulated  to  yield  a  merchantable  harvest.  An  al- 
ternative would  have  been  to  carry  the  plantings  to 
shorter  rotations  which  included  no  commercial 
thinnings  and  was  more  heavily  weighted  toward 
pulpwood  production  at  the  expense  of  sawtimber 
production.  This  alternative  would  generally  be  con- 
sistent with  a  wider  initial  seedling  spacing  than 
occurred  in  the  1974  plantings  though. 


The  occurrence  of  the  commercial  thinnings  is 
crucial  in  the  financial  return  calculations.  The  sensi- 
tivity of  their  presence  was  tested  by  assuming  that 
no  commercial  thinnings  will  occur.  All  commercial 
thinning  yields  were  simply  collapsed  into  the  final 
harvest  yield  and  the  financial  returns  were  reesti- 
mated. 

Ground  Measurements 

On-the-ground  measurements  were  taken  on  each 
of  the  sample  cases  1  to  1-1/2  years  after  initial  treat- 
ment to  determine  the  pre-  and  post-treatment  stand 
conditions.  Pretreatment  estimates  were  taken  from 
initial  management  plans  and/ or  were  reconstructed 
from  stump  counts  or  standing  dead  trees.  Standard 
mensurational  procedures  were  employed  using 
variable  radius  plots  to  tally  all  trees  1  inch  in  diam- 
eter and  larger.  Fixed  radius  plots  of  6.8  feet  were 
used  to  tally  all  trees  less  than  1  inch. 

Plots  were  systematically  located  over  the  entire 
tract.  The  number  of  tally  plots  varied  with  tract  size 
as  follows: 


Tract  size 
(acres) 

less  than  10 
10-15 
16-25 
more  than  25 


Minimum  no. 
tally  plots 

5  (1  per  acre) 

12 

14 

18 


Average  pre-  and  post-treatment  stand  estimates 
were  derived  from  the  individual  tree  tally  informa- 
tion including  the  species  and  respective  basal  area  of 
the  predominant  crop  species,  additional  crop  tree 
basal  area,  and  noncrop  basal  area.  The  average  age, 
diameter,  and  height  of  dominant  and  codominant 
trees  were  estimated,  again  for  both  the  pre-  and 
post-treatment  stand.  Site  index  and  site  index 
species  were  recorded.  In  plantation  cases,  the 
number  of  surviving  planted,  volunteer,  and  free-to- 
grow  seedlings  were  estimated  by  species.  The  type 
and  method  of  practice  application  were  recorded 
along  with  practice  intensity  for  some  practices. 
Sample  case  reporting  forms  for  a  planting  and  a 
timber  stand  improvement  case  are  shown  in  appen- 
dix tables  Al  and  A2. 

The  majority  of  the  ground  measurements  in  the 
East  were  made  by  State  personnel  who  measured 
cases  ih  other  states  rather  than  their  own  to  avoid 
possible  bias.  For  example,  the  sample  plots  in  Vir- 
ginia were  measured  by  State  personnel  from  North 
Carolina.  States  were  seldom  handled  on  a  direct  re- 
ciprocal relationship,  but  were  close  enough  to  insure 
that  the  foresters  were  familiar  with  the  forest  types 
and  practices  measured.  All  service  forester  per- 
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sonnel  were  trained  by  a  small  group  of  USDA  Forest 
Service  personnel  and  used  the  same  instructions  and 
measurement  procedures  to  insure  consistency.  Most 
of  the  western  plots  and  some  of  the  eastern  plots 
were  measured  by  USDA  Forest  Service  personnel. 

Management  Regimes  and  Yield  Estimates 

A  three-step  process  was  employed  to  get  the  man- 
agement regime  and  yield  estimates  for  the  sample 
cases.  First,  the  cases  were  matched  up  with 
"stylized"  intense  and  current  regimes  which  covered 
a  relatively  broad  range  of  case  conditions.  Second, 
information  in  the  cases  was  compared  against  a  set 
of  "silvicultural  thresholds"  which  defined  conditions 
where  the  yield  increase  resulting  from  the  practice 
will  be  negligible.  If  the  case  failed  to  pass  the 
threshold  test,  the  yield  increase  was  set  to  zero. 
Third,  if  the  case  passed  the  silvicultural  threshold 
test,  the  regime  and  yields  were  adjusted  as  closely  as 
possible  to  case-specific  conditions.  Analysis  of  1,433 
separate  sample  cases  prohibited  the  construction  of 
management  regimes  and  yields  from  scratch  for 
each  individual  case.  A  full  scope  of  computerized 
yield  simulators  were  not  available  and  hand  com- 
pilations were  impractical. 

"Stylized"  management  regimes  and  yields  were 
developed  for  both  intense  and  current  regimes.  The 
stylized  regimes,  which  covered  a  relatively  broad 
range  of  case  conditions,  were  distinguished  by 
species  groups,  site  index  ranges,  initial  treatment 
categories,  and  regions.  Additional  distinguishing 
labels  were  used  as  needed,  e.g.,  for  classes  of  stand 
age  at  time  of  treatment  or  ranges  of  stand  stocking. 
Twenty-two  separate  species  groups  were  identified 
and  are  defined  in  appendix  table  A3.  This  approach 
resulted  in  92  separate  stylized  intense  regimes  and  48 
separate  stylized  current  regimes  in  the  East.  A  simi- 
lar approach  was  used  for  Douglas-fir  and  a  less 
structured  approach  was  used  for  other  Western 
species. 

Each  stylized  regime  contains  the  entire  transaction 
list  of  subsequent  practices  that  might  be  needed  for 
cases  in  the  broad  area  as  well  as  commercial  thin- 
nings and  final  harvests,  each  recorded  by  stand  age. 
All  regimes  follow  a  clearcut  final  harvest  format, 
except  northern  hardwoods  in  the  Lake  States  which 
were  structured  as  a  selection  system  on  a  12-year 
cutting  cycle.  Both  the  first  rotation  and  the  second 
rotation,  repeated  in  perpetuity,  are  contained  in  the 
same  stylized  regime.  "Optimum"  stocking  and 
practice  application  are  assumed  in  the  second  rota- 
tion of  the  intense  regime.  All  timber  yields  are 
recorded  in  thousand  cubic  feet  for  up  to  four 
product  groups:  softwood  timber,  softwood  pulp- 
wood,  hardwood  sawtimber,  and  hardwood  pulp- 
wood. 


Stylized  regimes  were  developed  for  four  broad 
practice  groups:  (1)  tree  planting,  with  internal  ad- 
justments for  plantings  on  bare  land  and  planting  fol- 
lowing site  preparation;  (2)  understory  release  for  the 
removal  of  overstory  trees  to  release  established 
seedlings  in  the  understory;  (3)  precommercial 
thinning  restricted  to  treatments  in  Southern  pine 
stands  younger  than  10  years  old;  and  (4)  interme- 
diate treatments  which  covered  any  treatments  of 
stands  between  10  years  of  age  and  the  maximum  age 
in  the  silvicultural  thresholds.  Distinctions  between 
cleanings,  cull  tree  removals,  and  precommercial 
thinnings  in  hardwoods  became  too  fuzzy  to  retain  as 
separate  practice  categories  and  were  collapsed  into 
the  intermediate  treatment  class. 

These  four  practice  groups  are  later  collapsed  into 
two  practice  categories  for  aggregate  presentation. 
The  first  category  is  planting,  both  bare  land  and  site 
preparation.  The  second  category  is  timber  stand  im- 
provement which  includes  all  the  nonplanting 
practices. 

Appendix  table  A4  displays  stylized  yield  examples 
for  both  the  intense  and  current  regimes,  each  listed 
by  species  group,  initial  practice,  and  site  index 
range.  The  yields  are  expressed  in  terms  of  mean  an- 
nual increment  (MAI)  in  cubic  feet  per  acre  per  year. 
The  rotation  age  and  number  of  commercial  thin- 
nings are  also  shown. 

One  of  the  crucial  assumptions  in  the  management 
regimes  for  conifer  plantings  is  that  most  of  the  areas 
would  not  have  produced  a  merchantable  stand  in 
the  absence  of  the  planting.  The  current  regime  yields 
were  set  to  zero.  If  some  minimum  number  of  estab- 
lished volunteer  seedlings  were  counted  when  the 
ground  measurements  were  taken,  a  small  yield  was 
assigned  to  the  current  rotation.  Since  the  vast  ma- 
jority of  the  existing  Southern  pine  stands  resulted 
from  natural  seeding  of  abandoned  farmland,  this  as- 
sumption may  seem  unduly  optimistic  for  program 
performance,  and  harsh  toward  current  yields.  This 
criticism  may  be  true  for  Southern  pine  bare  land 
plantings  which  have  an  adequate  seed  source. 
Measurement  of  the  number  of  volunteer  seedings 
lVz  years  after  treatment  may  not  give  an  accurate 
picture  of  seed  source  adequacy.  If  a  bias  does  exist, 
however,  bare  land  plantings  of  the  Southern  pines 
only  composed  16%  of  the  total  1974  conifer 
plantings.  Bare-land  plantings  of  red  pine  and  white 
pine  seldom  have  an  adjacent  pine  seed  source  and 
composed  only  22%  of  the  1974  conifer  plantings. 

In  the  case  of  Southern  pine  site  preparation  and 
planting  practices,  the  pretreatment  stand  usually 
was  an  oak-pine  or  oak-hickory  type  that  was  con- 
verted to  a  pine  plantation.  Although  the  current 
management  stand  would  contain  volume,  it  was  as- 
sumed to  be  unmerchantable  as  most  of  the  existing 
oak-hickory  stands  on  pine  sites  in  the  South  cur- 
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rently  are.  Forty-five  percent  of  the  1974  conifer 
plantings  were  such  site  preparation  and  plantings  of 
Southern  pine. 

Once  a  sample  case  was  matched  with  appropriate 
intense  and  current  regimes  using  the  regime  labels, 
certain  basic  case  characteristics  were  compared 
against  "silvicultural  thresholds."  The  silvicultural 
thresholds  defined  situations  where  yield  increase 
due  to  the  practice  is  expected  to  be  negligible,  either 
because  of  the  stand  that  was  treated,  or  the  way  in 
which  it  was  treated.  The  thresholds  can  be  grouped 
as  follows: 

1.  minimum  number  of  surviving  planted  seed- 
lings, below  which  stocking  is  insufficient  to 
justify  carrying  the  stand  to  maturity, 

2.  maximum  stand  age  at  time  of  treatment, 
beyond  which  the  stand  is  too  close  to  harvest 
age  to  accumulate  sufficient  growth  increase 
and/ or  beyond  which  the  trees  are  not  physio- 
logically capable  of  sufficient  response, 

3.  minimum  basal  area  reduction,  below  which 
the  stocking  level  was  not  reduced  enough  to 
induce  sufficient  growth  increase, 

4.  minimum  pretreatment  stocking,  below  which 
the  stand  is  stocked  sparsely  enough  that  re- 
moval of  additional  trees  will  not  significantly 
affect  growing  space,  and 

5.  several  miscellaneous  thresholds,  such  as  re- 
moval of  suppressed  understory  trees  in  north- 
ern hardwood  stands. 

The  actual  silvicultural  thresholds  developed  for 
these  five  groups  are  shown  in  table  3.  These 
thresholds  were  derived  from  available  silvicultural 
guides  and  augmented  by  professional  judgment. 

Some  cases  that  fail  the  silvicultural  threshold  tests 
will  produce  a  positive  yield  increase.  For  example, 
intermediate  treatments  of  oak-hickory  stand  over  45 
years  old  may  result  in  a  yield  increase,  especially  on 
high  sites.  In  such  hardwood  types  as  oak-hickory  or 
maple-beech-birch,  a  positive  financial  return  may 
result  because  the  growth  of  the  post-treatment  stand 
can  be  concentrated  on  higher  value  tree  species. 
Cases  that  pass  the  threshold  test,  however,  will  yield 
higher  returns,  and  use  of  the  thresholds  forces  con- 
centration upon  higher  return  cases. 

If  a  case  failed  to  pass  any  of  these  thresholds,  it 
was  assigned  a  net  yield  increase  of  zero  and  a  net 
cost  equal  to  the  initial  treatment  cost.  Alternatively, 
if  only  part  of  a  sample  case  exceeded  the  silvicul- 
tural thresholds,  the  case  was  split  accordingly.  For 
example,  if  3  acres  of  a  10-acre  plantation  were  lost 
to  fire,  the  3  acres  were  thereafter  treated  as  an  inade- 
quately stocked  parcel  while  the  7  acres  were  treated 
as  adequately  stocked,  each  parcel  carrying  one  half 
of  the  expansion  factor  due  the  whole  case.  A  de- 
tailed list  of  the  threshold  tests  which  1974  cases 
failed  to  pass  is  presented  later  in  this  report. 


If  a  sample  case  passed  the  threshold  tests,  basic 
case  characteristics  were  again  examined,  this  time  to 
adjust  the  stylized  regime  and  yield  as  closely  as  pos- 
sible to  the  situation  described  in  that  case.  The  ad- 
justment factors  can  be  grouped  into  5  classes:  stock- 
ing adjustments,  stand  age  adjustments,  situations 
which  remove  follow-up  practices,  site  index  adjust- 
ments, and  miscellaneous  adjustments.  Examples  of 
adjustments  for  each  of  these  classes  are  shown  in 
table  4. 

The  management  regimes  and  yield  estimates  were 
drawn  primarily  by  knowledgable  USDA  Forest 
Service  FIP  program  personnel  from  a  wide  variety 
of  published  and  unpublished  sources.  The  regime 
and  yield  sources  consulted  are  listed  by  species 
group  in  the  appendix  bibliography.  Professional 
opinion  was  often  required  to  interpret  and  extrapo- 
late the  published  results,  especially  in  the  develop- 
ment of  the  yield  adjustment  factors.  Computeriza- 
tion of  the  entire  case-by-case  regime  and  yield  esti- 
mating process  helped  greatly  in  insuring  consistency 
among  these  judgments. 

A  surprisingly  small  amount  of  yield  data  was 
found  for  some  species  groups  and  practices.  The 
lack  of  yield  response  data  for  intermediate  treat- 
ments in  10  to  30  year  old  southern  pine,  oak-pine 
stands,  and  various  northern  conifer  stands  was  par- 
ticularly unfortunate  since  these  are  the  short 
horizon-low  investment  practices  to  which  nonindus- 
trial  private  landowners  are  often  most  receptive 
(Anderson  1975).  It  was  also  difficult  to  find  data  on 
which  to  base  the  adjustment  factors. 

Because  of  the  inevitable  concern  over  the  ac- 
curacy of  the  yield  estimates,  the  sensitivity  of  each 
case's  internal  rate  of  return  (IROR)  to  changes  in 
yields  was  measured.  The  sensitivity  to  commercial 
thinning  yields  was  measured  separately  from  final 
harvest  yields.  The  results  measure  how  much  of  a 
percentage  change  in  yields  is  necessary  to  change  the 
case's  IROR  by  1%  point  of  interest,  e.g.,  from  an 
IROR  of  7.5%  to  6.5%.  Similar  sensitivity  results 
were  derived  for  the  estimates  of  stumpage  price  and 
the  subsequent  treatment  costs.  Sensitivity  results 
were  averaged  by  sample  cell  for  all  cases  with  non- 
zero IROR's  and  are  tabulated  in  appendix  table  A10. 
Sample  regimes  for  a  planting  and  timber  stand  im- 
provement case  are  shown  in  appendix  tables  A5  and 
A6. 


Stumpage  Price  Estimates 

The  same  philosophy  used  in  developing  regimes 
and  yields  was  used  in  estimating  the  necessary 
stumpage  price  estimates.  This  started  with  "stylized" 
current  stumpage  prices  by  region  and  species.  The 
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Table  3.  Silvicultural  thresholds  used  to  identify  stand  and  practice  conditions  that  are  likely  to  result  in  negligible  growth 

increase 


I.  Timber  stand  improvement 


Maximum 

Minimum  basal 

Minimum  pretreatment 

Species 

Practice 

age 

area  reduction 

basal  area 

(years) 

1.  Southern  pine1 

Intermediate 
treatment 

40 

10  sq.ft. 

0-3"  DBH,  300  trees 
4-6"  20  sq.  ft. 
7-10"  30  sq.ft. 
11  +  "40  sq.ft. 

2.  Oak-pine 

Intermediate 

45 

15% 

B-level  stocking2 

treatment 

3.  Oak-hickory 

Intermediate 

45 

15% 

B-level  stocking2 

treatment 

4.  Cove  hardwood 

Intermediate 
treatment 

60 

15% 

B-level  stocking 
for  oak-hickory2 

5.  Black  walnut 

Intermediate 
treatment 

60 

— 

— 

6.  Black  walnut 

Prune 

60 

— 

7.  Northern  hardwood 

Intermediate 

60 

10  sq.  ft. 

B-level  stocking2 

(Northeast) 

treatment 

8.  White  birch 

Intermediate 

45 

10  sq.  ft. 

B-level  stocking2 

treatment 

9.  Northern  pine 

Intermediate 

60 

15% 

B-level  stocking2 

treatment 

10.  White  pine 

Prune 

60 

— 

— 

1 1 .  Red  pine 

Prune 

60 

12.  Spruce-fir 

Intermediate 

50 

20  sq.ft. 

B-level  stocking2 

treatment 

13.  Hemlock 

Intermediate 

60 

15% 

B-level  stocking 

treatment 

for  white  pine2 

14.  Douglas-fir 

Intermediate 
treatment 

603 

15.  Ponderosa  pine 

Intermediate 
treatment 

603 

II.  Planting  and  understory  release 
Species 


Minimum  surviving  planted 
or  established  seedlings 


1.  Southern  pine4 

2.  White  pine 

3.  Red  pine 

4.  Jack  pine 

5.  Spruce 

6.  Douglas-fir 

7.  Ponderosa  pine 


(No.  /acre) 

200 

200 

150 

200 

200 
150-3005 
250-3005 


III.  Miscellaneous  practices 

1.  Removal  of  understory  trees  only  in  oak-hickory,  cove  hardwood,  northern  hardwood,  or  white  birch  intermediate  treat- 
ments. 

2.  Removal  of  grape  vines  only  in  oak-hickory  or  cove  hardwood  stands  more  than  7  years  before  final  harvest. 


1  Except  for  slash  pine  which  has  a  maximum  age  of  20  years  and  Virginia  pine  which  has  a  10  year  maximum  age. 
2The  B-level  stocking  in  the  respective  stocking  guide  which  indicates  the  minimum  basal  area  required,  by  diameter  class, 
to  achieve  full  stocking. 

3The  maximum  age  threshold  was  augmented  with  field  observer  comments  on  other  stand  characteristics. 
*Except  for  Virginia  pine  which  has  a  250  tree  threshold. 
^Varied  by  region. 


stumpage  prices  for  each  case  were  estimated  by 
weighting  the  species  prices  together  with  case-spe- 
cific information  to  reflect  the  species  composition 
and  region  where  that  case  occurred.  Assumptions 
about  future  rates  of  real  price  increase  were  then 
applied  to  these  current  stumpage  price  estimates  in 
order  to  estimate  prices  at  the  time  the  timber  would 
be  harvested. 


Because  of  the  significant  impact  of  species  upon 
stumpage  price,  separate  stylized  prices  were  com- 
piled for  17  softwood,  23  hardwood,  and  3  special 
pruned  species  in  the  East,  and  for  10  softwood 
species  in  the  West.  Since  final  product  suitability  has 
a  major  impact  upon  stumpage  prices,  separate  prices 
were  also  compiled  for  sawtimber  and  pulpwood 
stumpage  by  the  separate  species. 
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Table  4.  Examples  of  adjustment  factors  used  to  move  the  stylized  regimes  closer  to  case-specific  situations 


Adjustment  class 


Example 


1.  Stocking  adjustments: 


2.  Age  adjustments: 

3.  Practice  removal: 

4.  Site  index  adjustments: 

5.  Miscellaneous  adjustments: 


slash  pine,  plantation:  if  number  of  surviving  planted  seedlings  is  200-299,  remove 
first  commercial  thin  and  reduce  yield  of  second  by  10  percent, 
oak-hickory,  intermediate  treatment:  if  post-treatment  basal  area  is  10-29  sq.  ft.  and 
stand  age  is  0-24  yr.,  reduce  all  yields  10  percent. 

loblolly  pine,  understory  release:  if  residual  basal  area  is  20-29  sq.  ft.,  reduce  final 
harvest  yields  8  percent. 

oak-hickory,  intermediate  treatments,  if  the  post-treatment  stand  age  is  40-45  yr., 
reduce  the  first  commercial  thinning  yields  53  percent,  the  second  43  percent,  the 
third  28  percent,  and  the  final  harvest  1 1  percent. 

loblolly  pine,  plantation:  if  the  number  of  surviving  planted  is  300-399  and  the  number 
of  free-to-grow  hardwood  seedlings  is  less  than  300,  remove  the  hardwood  control 
treatment. 

northern  hardwoods,  intermediate  treatments:  if  the  site  index  is  65-74,  rather  than 

55-64  as  the  stylized  is,  increase  final  harvest  yields  15  percent. 

planting  genetically  improved  slash  pine:  increase  all  yields  15  percent. 

"less  intense"  site  preparation  or  planting  on  bare  land:  reduce  all  yields  on  loblolly 

cases  20  percent  and  on  slash  pine  cases  10  percent. 


Prices  also  differ  by  region  because  of  correlation 
with  factors  such  as  competition,  terrain,  accessi- 
bility, and  tree  quality.  Therefore,  the  stylized 
stumpage  prices  were  developed  for  13  regions  in  the 
East  (fig.  3)  and  for  5  regions  in  the  West.  The  west- 
ern regions  correspond  to  USDA  Forest  Service  ad- 
ministrative regions  1,  2,  3,  5,  and  6.  These  stylized 
stumpage  prices,  computed  in  dollars  per  thousand 
cubic  feet  to  match  the  timber  yield  estimates,  are  ar- 
ranged in  appendix  table  A7. 

The  stylized  prices  were  drawn  from  the  published 
and  unpublished  sources  listed  in  the  appendix  bib- 
liography. Just  as  with  the  yield  data,  some  empty 
data  cells  were  filled  by  linkage  to  and  extrapolation 
from  prices  in  neighboring  regions.  The  price  esti- 
mates were  set  equal  to  the  midpoint  of  the  published 
stumpage  price  range  or  the  median  price  if  it  was  re- 
ported. 

Special  product  potentials  were  considered  in 
setting  the  prices.  For  example,  50%  of  the  longleaf 
pine  sawtimber  and  pulpwood  volume  was  priced  at 
a  medium  pole  grade.2  This  accounts  for  the  price  dif- 
ferences between  longleaf  and  the  other  major  pines. 
Similarly,  4%  of  the  white  oak,  15  to  25%  of  the  yel- 
low birch,  and  4%  of  the  sugar  maple  sawtimber  stump- 
age3 was  priced  as  median  grade  veneer.  Twenty 
percent  of  the  walnut  sawtimber  volume  in  natural 
stands  and  90%  of  the  walnut  in  plantations  was 
priced  as  veneer.  The  median  sawtimber  prices  and 
the  special  product  prices  were  weighted  together  by 
their  respective  volume  percentages. 

2Personal  communications  with  Richard  Welch,  Southeastern 
Forest  Experiment  Station,  Asheville,  N.C.,  and  William  Balmer, 
Southeastern  Area,  Atlanta,  Ga.,  USDA  Forest  Service. 

^Personal  communication  with  James  Bones,  Northeastern  For- 
est Experiment  Station,  Upper  Darby,  Pa.,  Burton  Essex,  North 
Central  Forest  Experiment  Station,  St.  Paul,  Minn.,  and  Burl 
Ashley,  Northeastern  Area,  Morgantown,  W.  Va.,  USDA  Forest 
Service. 


The  stylized  prices  per  unit  were  the  same  for  both 
pre-  and  post-treatment  yields  in  all  situations  except 
hardwood  sawtimber.  One  impact  of  intermediate 
treatments  in  hardwoods  is  upon  the  average  tree 
grade.  Removing  lower  quality  trees  raises  the  aver- 
age grade  of  the  residual  stand,  and  the  residual 
stems  put  on  more  diameter  growth  following  treat- 
ment which  is  closely  related  to  tree  grade.  These 
grade  differences  influence  product  potential  which 
in  turn  is  reflected  in  higher  stumpage  prices  that  the 
discerning  landowner  can  capture.  The  post-treat- 
ment hardwood  sawtimber  prices  are  therefore  gen- 
erally higher  than  the  pretreatment  prices  by  15%  to 
25%,  the  actual  amount  varying  by  species  and 
region  (appendix  table  A8).  These  percentages  were 
calculated  from  the  reported  price  ranges  and  they 
raise  the  prices  to  a  point  halfway  between  the  mid- 
point and  top  end  of  the  price  range. 


Figure  3.— Stylized  stumpage  price  regions  in  the  East. 
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The  stylized  stumpage  prices  were  calculated  as  the 
simple  average  of  prices  for  1971-72-73  when  the  data 
was  available.  The  average  price  for  the  base  period 
was  updated  to  1974  by  the  All  Commodity  WPI. 

Case-specific  stumpage  prices  for  the  four  product 
groups  shown  in  the  management  regimes  —  soft- 
wood sawtimber,  softwood  pulpwood,  hardwood 
sawtimber,  and  hardwood  pulpwood  —  were 
derived  by  weighting  stylized  prices  by  information 
available  in  each  sample  case.  The  prices  for  cases 
that  start  with  an  intermediate  treatment  are  derived 
through  a  weighting  of  the  prices  for  crop  species 
listed  as  present  on  each  case  by  the  basal  area  of  the 
species,  respectively: 


where: 


PRj  =  the  price  per  thousand  cubic  feet  for 
product  group  j 
SPRjj  =  the  stylized  price  for  product  j  of 
species  { 

BA;  =  the  crop  tree  basal  area  for  species  j  for 
that  case. 

The  price  for  the  current  regime  yields  are  derived 
from  the  pretreatment  prices  by  species  and  pretreat- 
ment  crop  tree  basal  areas.  The  intense  regime  prices 
weight  the  post-treatment  prices  by  species  by  the 
post-treatment  crop  species  basal  area.  Therefore, 
changes  in  the  species  composition  of  the  stand 
brought  about  by  the  treatment  are  reflected  in  the 
stumpage  prices.  This  species  weighting  of  prices  is 
very  important  in  hardwood  stands  where  one  of  the 
most  important  impacts  of  the  treatment  is  in  chang- 
ing the  species  composition  toward  higher  valued 
species. 

The  same  approach  was  used  to  derive  the  stump- 
age prices  for  plantation  yields  except  that  the 
stylized  species  prices  were  weighted  by  the  number 
of  surviving  planted  seedlings  by  species  rather  than 
crop  tree  basal  area.  In  precommercial  thinning  and 
understory  release  cases,  the  price  is  set  equal  to  the 
price  of  the  predominant  species  listed  for  the  case. 
These  same  case-specific  stumpage  price  estimates 
were  used  in  the  second  rotation  in  most  cases,  there- 
fore assuming  that  the  second  rotation  species  com- 
position would  be  the  same. 

Only  crop  species  are  considered  in  estimating  the 
price  for  sample  cases  and  crop  species  generally 
have  higher  prices  than  the  average  price  of  all 
species  present  in  the  stand.  The  same  approach  is 
used  in  both  the  intense  and  current  regimes,  how- 
ever, so  any  bias  this  presents  is  small  when  the  incre- 
mental yield  change  is  evaluated  under  the  marginal 
analysis  format. 

The  calculations  and  price  data  described  to  this 
point  provide  case-specific  stumpage  price  estimates 


for  1974.  When  applied  in  the  financial  return  calcu- 
lations, prices  are  required  for  the  year  in  which  the 
harvest  occurs.  There  is  some  evidence  that  real 
stumpage  prices  have  risen  over  time  and  may  con- 
tinue to  do  so  in  the  future.  Therefore,  it  was  neces- 
sary to  make  assumptions  about  the  future  annual 
rate  of  real  stumpage  price  changes. 

Row  (1973)  developed  regressions  equations  that 
estimated  the  historical  rate  of  real  price  increases  in 
southern  pine  sawtimber  stumpage  using  annual  data 
between  1910-70  and  between  1947-70.  Three  of  his 
four  estimates  were  quite  close  and  averaged  1.6% 
per  year.  The  historical  rate  of  real  pulpwood  price 
increases  in  the  East  from  the  1950-73  data  reported 
by  Phelps  (1973)  are  much  lower  except  for  softwood 
pulpwood  in  the  Southeast,  which  was  only  slightly 
lower  than  Row's  1.6%. 

As  for  future  increases,  the  USDA  Forest  Service's 
(1973)  timber  supply  and  demand  analysis  predicts  a 
doubling  of  real  softwood  sawtimber  prices  between 
1970  and  2000.  This  gives  an  average  annual  rate  of 
increase  of  2.1%  per  year.  Adams4  prepared  "trend 
level"  estimates  of  future  real  stumpage  prices  be- 
tween 1976  and  2030.  The  rates  of  increase  between 
the  1976-78  and  2027-30  mean  prices  of  those  trend 
series  ranged  from  1.5%  to  2.6%,  depending  on 
regions  and  species  group. 

Based  upon  this  accumulated  evidence,  the  annual 
rates  of  real  stumpage  price  increase  for  both  saw- 
timber and  pulpwood  assumed  in  the  evaluation  of 
the  FIP  sample  cases  were: 


Stumpage  category 

Eastern  softwoods 
Eastern  hardwoods 
Western  softwoods 


Annual  increase 
(percent) 

1.5 
2.5 
2.5 


These  rates  were  employed  in  the  financial  return 
calculation  as  described  bv  Goforth  and  Mills  (1976). 

These  historical  East  and  West  differentials  in  real 
stumpage  price  increase  cannot  continue  indefinitely. 
The  lower  eastern  stumpage  prices  will  eventually 
draw  more  primary  product  production  capacity  into 
the  East,  especially  the  southern  portion,  which  will 
raise  the  eastern  stumpage  prices.  The  differential  in- 
creases may  roughly  continue  for  30  to  45  years, 
however,  which  covers  the  first  rotation  of  the 
Southern  pine  practices.  Sensitivity  analysis  on  the 
second  and  subsequent  rotations  indicates  that  they 
have  little  impact  upon  the  estimated  financial  return 
anyway.  There  is  a  direct  and  simple  relationship  be- 
tween the  IROR  and  the  rate  of  real  price  increase  as- 
sumed in  the  calculation  of  the  IROR,  which  should 
ease  major  concern  about  this  assumption.  There  is 
essentially    a    direct    additive    relationship.  For 

Personal  communication  with  Darius  Adams,  Oregon  State 
University,  Corvallis. 
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example,  if  a  case  has  an  IROR  of  4.5%  when  the 
annual  rate  of  real  price  increase  is  assumed  to  be 
1.5%,  the  same  case  will  have  an  IROR  of  approxi- 
mately 5.0%  if  the  real  price  increase  assumption  is 
changed  to  2.0%.  Therefore,  the  impact  upon  study 
results  to  changes  in  this  assumption  are  quite  easy  to 
estimate. 

Treatment  Cost  Estimates 

Two  groups  of  treatment  cost  data  were  needed  to 
estimate  the  financial  return  of  each  sample  case,  one 
for  initial  treatment  cost  and  one  for  the  cost  of  any 
subsequent  treatments  in  the  regime.  The  cost  of  the 
initial  FIP  practice  which  starts  the  schedule  of  trans- 
actions in  the  intense  regime  is  the  largest  and  most 
important  cost  from  the  point  of  influencing  financial 
returns.  Since  the  FIP  practice  had  already  been 
applied,  the  federal  funds  expended  and  the  cost- 
share  percentage  were  a  matter  of  record.  The  direct 
treatment  cost  of  the  FIP  practice,  both  the  private 
and  federal  share,  were  calculated  from  this  data. 

A  program  delivery  or  "overhead"  cost  per  case 
was  also  calculated.  The  delivery  cost  includes  all 
chargeable  ASCS  county  office  costs  as  estimated 
from  an  analysis  of  1976  program  year  costs  (USDA- 
ASCS  1977).  The  service  forester's  assistance  time 
was  included  as  estimated  from  time  spent  in  Coop- 
erative Forest  Management  (CFM)  assists  (USDA-FS 
1976).  Program  delivery  must  also  absorb  a  certain 
amount  of  "slippage"  cost  from  cases  that  were  as- 
sisted under  FIP  but  for  a  host  of  reasons  were  never 
cost-shared.  In  1976-77  the  slippage  rate  was  about 
30%. 5  The  resulting  program  delivery  cost  was  $223 
per  case.  Washington  Office  and  Regional  Office 
program  delivery  costs  that  amount  to  roughly 
$300,000  per  year  for  the  Forest  Service  and  Agricul- 
tural Stabilization  and  Conservation  Service  were 
not  included  in  this  $223  figure. 

Four  constructs  of  the  initial  FIP  practice  cost  were 
developed  from  this  information  which  include: 

1.  direct  cost:  federal  plus  private  direct  cost-share. 

2.  total  cost:  direct  cost  plus  per  case  program 
delivery  cost. 

3.  public  cost:  federal  direct  cost  plus  per  case 
program  delivery  cost. 

4.  private  cost:  private  direct  cost  only. 

The  financial  return  of  each  case  was  estimated 
under  each  of  these  four  versions  of  initial  cost.  Most 
of  the  results  are  displayed  under  the  direct  cost 
option,  since  it  puts  the  initial  cost  on  the  same 
footing  with  subsequent  treatment  costs.  The  finan- 
cial results  under  the  public  and  private  cost  options 
provide  some  insight  on  the  incidence  of  costs  and 

5Personal  communication  with  Robert  Shackelford,  Coopera- 
tive Forestry,  USD  A  Forest  Service,  Washington,  D.C. 


returns.  Investment  efficiency  is  the  major  focus  of 
this  study  rather  than  the  distribution  question,  how- 
ever. Taxes  in  the  intense  and  current  regimes  largely 
cancel  each  other  out. 

The  second  group  of  cost  data  is  for  the  treatments 
in  the  regimes  which  follow  the  initial  FIP  practice. 
For  example,  an  estimate  of  the  cost  of  precommer- 
cial  thinning  in  an  overstocked  stand  was  required. 

Adjusting  "stylized"  data  for  case-specific  situa- 
tions was  also  attempted  here  to  get  subsequent  treat- 
ment costs,  but  failed.  Equations  that  predict  silvicul- 
tural  treatment  costs  as  a  function  of  treatment  area 
characteristics  such  as  those  developed  by  Row 
(1973)  are  simply  not  available  for  the  scope  of  prac- 
tices encountered  in  this  study. 

An  effort  was  made  to  use  the  sample  FIP  cases  as  a 
data  base  for  development  of  treatment  cost  equa- 
tions. No  significant  relationships  could  be  devel- 
oped between  the  direct  treatment  cost  and  charac- 
teristics of  the  treated  area  or  the  treatment  itself. 
Contacts  with  selected  state  and  federal  personnel  re- 
vealed that  the  FIP  cost-share  for  each  case  is  often 
the  maximum  federal  share  permitted  in  the  county 
for  that  practice  irrespective  of  the  cost  of  treating 
that  particular  case.  As  a  result,  some  cases  may 
receive  more  cost-share  funds  and  some  may  receive 
less  funds  than  are  actually  needed  to  achieve  the  50 
to  75%  cost-share  rate  permitted  by  law.  The  method 
of  allocating  cost-share  to  individual  cases  in  1974 
then  may  have  an  impact  upon  financial  returns. 

Average  direct  costs  were  therefore  compiled  from 
a  number  of  sources  for  the  subsequent  treatments 
(append,  table  A9).  Costs  were  varied  by  regions  and 
species  groups  where  appropriate.  Four  cost  regions 
were  used  in  the  East  and  separate  costs  were  com- 
piled for  each  National  Forest  administrative  region 
in  the  West.  Subsequent  treatment  costs  were  un- 
changed regardless  of  which  initial  cost  option  was 
used. 

The  real  cost  of  subsequent  treatments  was  held 
constant  at  their  1974  level.  All  subsequent  treat- 
ments in  the  first  rotation  are  small  and  the  second 
rotation  costs  are  far  in  the  future.  The  cost  of  subse- 
quent treatments  only  has  a  minor  impact  upon  the 
estimated  financial  returns,  even  if  a  small  real  cost 
increase  were  assumed.  The  sensitivity  analysis 
results  on  data  errors  shown  in  table  11  bear  this  out. 

The  subsequent  treatment  cost  data  was  collected 
from  a  number  of  sources.  Costs  for  site  preparation 
and  planting,  intermediate  treatments  in  hardwoods, 
and  pruning  in  the  East  were  compiled  from  1976  FIP 
costs  and  adjusted  to  1974  by  the  All  Commodity 
WPI.  Costs  for  hardwood  control  by  mist  blower, 
prescribed  burning,  and  precommercial  thinning6  in 

bPersonal  communication  with  James  Moak,  Mississippi  State 
University,  Mississippi  State. 
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the  East  were  compiled  from  Moak  et  al.  (1977), 
Callahan  and  Smith  (1974),  and  professional  judg- 
ment of  state  and  federal  personnel  involved  in  the 
delivery  of  FIP.  Costs  in  the  West  were  derived  from 
Zach  (1977)  and  adjustments  of  National  Forest 
costs. 


Discount  Rates 

The  financial  returns  of  the  program  are  displayed 
in  terms  of  internal  rate  of  return  (IROR),  present  net 
worth  (PNW),  and  benefit/cost  ratio  (B/C).  Use  of 
IROR  requires  some  alternative  return  for  compari- 
son and  the  alternative  rate  is  included  in  PNW  and 
B/C  calculations  as  the  discount  rate. 

All  PNW  and  B/C  calculations  were  made  at  each 
of  four  different  discount  rates,  in  part  to  test  the  sen- 
sitivity of  the  study  conclusions  to  the  discount  rate 
assumption.  First,  the  Federal  Office  of  Management 
and  Budget  (OMB)  (1972)  requires  that  public  pro- 
grams, with  a  few  exceptions,  be  evaluated  against  a 
10%  discount  rate.  OMB  estimated  that  this  rate 
equals  the  "real  .  .  .  rate  of  return  on  private  invest- 
ment, before  taxes  and  after  inflation."  Second,  a 
discount  rate  of  7-1/2%  was  used.  This  is  the  current 
"nominal"  rate  of  return,  as  distinguished  from  the 
real  rate  once  inflation  has  been  removed,  on  long- 
term  government  bonds.  Third  is  the  1977  Water  Re- 
sources Council  rate  of  6-3/8%  (USDA-SCS  1976). 
The  rate  for  federal  water  projects  is  related  by  law  to 
the  nominal  rate  on  longterm  government  bonds. 
Fourth,  a  discount  rate  of  3%  was  used.  This  rate  is 
much  lower  than  the  nominal  rate  on  government 
bonds  but  it  is  closer  to  the  real  rate  on  government 
bonds,  given  current  inflationary  expectations,  than 
the  three  higher  discount  rates. 

Recall  that  the  costs  and  prices  used  in  the  financial 
return  calculations  in  this  study  are  "real"  costs  and 
prices  that  include  real  or  relative  price  changes  but 
exclude  any  inflationary  impact  of  a  change  in  the 
value  of  the  dollar.  The  resulting  IROR  estimates  are 
therefore  real  rates  of  return.  The  FIP  investments 
should  then  be  rated  against  a  "real"  alternative  rate 
of  return  rather  than  a  "nominal"  return  (Gregersen 
1975).  The  3%  rate  might  be  valid  under  this  ap- 
proach if  the  nominal  government  borrowing  rate  of 
7-1/2%  or  6-3/8%  were  used  and  an  inflationary 
rate  of  4-1/2%  or  3-3/8%  were  assumed,  respec- 
tively. On  the  other  hand,  FIP  must  compete  with 
other  federal  programs  for  dollars,  and  other  natural 
resource  programs  are  most  commonly  ranked 
against  a  nominal  rate  of  6-1/2  to  7-1/2%.  The  most 
detailed  results  are  presented  against  the  1977  Water 
Resources  Council  rate  of  6-3/8% . 


Study  Results 

All  results  are  population  estimates  for  the  1974 
program,  excluding  the  small  number  of  miscellan- 
eous practices.  Many  of  the  detailed  results  are  pre- 
sented for  both  the  original  sampling  scheme  stratifi- 
cation shown  in  table  2  and  the  detailed  practice  and 
species  group  stratification  developed  for  the  stylized 
management  regimes  shown  in  table  5.  Sample  cases 
carried  the  expansion  factor  based  upon  the  sample 
strata  in  which  they  originated,  regardless  of  any 
post-stratification . 

Practice  and  Species  Composition  of  the  Program 

There  were  6,230  southern  pine  cases  in  the  plant 
bare  land,  site  preparation  and  planting,  and  under- 
story  release  practice  categories  (table  5).  This  was 
39%  of  the  1974  program.  The  vast  majority  of  these 
southern  pine  cases  (78%)  were  loblolly  pine  and  a 
much  smaller  percentage  (17%)  were  slash  pine. 
Almost  all  of  the  slash  pine  planting  occurred  in 
Florida  and  Georgia.  This  is  indicative  of  the  trend 
toward  loblolly  pine  planting  and  away  from  slash 
pine  planting  because  of  offsite  plantings  of  slash 
pine  in  the  past.  Of  these  southern  pine  cases  3% 
were  shortleaf  and  1%  were  Virginia  pine,  both  of 
which  typically  have  lower  returns  than  loblolly  and 
slash  pine. 

A  large  number  of  southern  pine  and  oak-pine 
assists  were  reported  as  precommercial  thinning  cases 
in  the  first  stage  evaluation.  Data  in  this  study  re- 
vealed that  only  18  cases  were  treatments  in  stands 
less  than  10  years  old  —  the  class  that  might  be  called 
"true  precommercial  thinning"  cases.  Conversely, 
511  cases  were  in  stands  over  10  years  old  and  were 
classed  as  "intermediate  treatments"  in  this  study.  It 
was  the  intermediate  treatment  practice  which  was 
highlighted  as  largely  lacking  yield  data. 

There  were  3,767  northern  conifer  cases  in  the 
plant  bare  land,  site  preparation  and  plant,  and 
understory  release  practices  or  24%  of  all  the  1974 
cases.  There  were  60%  as  many  northern  conifer 
cases  as  there  were  corresponding  southern  pine  cases 
and  the  southern  pine  cases  on  the  average  had  larger 
tract  sizes.  Red  pine  contributed  45%  of  the  cases  in 
this  class,  white  pine  had  40%,  and  white  spruce  con- 
tributed 12%. 

Intermediate  and  pruning  cases  in  northern  conifer 
species  totalled  1,175  cases  or  7%  of  the  1974  cases. 
Sixty-four  percent  of  these  cases  were  white  pine. 
Twenty-two  percent  of  the  cases  were  exclusively 
pruning  and  26%  had  both  pruning  and  an  interme- 
diate treatment.  Recall  that  pruned  cases  had  a  sep- 
arate pruned  price  (appendix  table  A5)  which  implies 
that  log  grade  will  have  the  same  relative  importance 
when  these  stands  mature  as  it  does  now. 
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There  were  547  hardwood  planting  cases  or  3  %  of 
the  1974  program.  Over  half  of  these  were  black 
walnut  plantings  and  the  rest  were  about  evenly  split 
between  cove  hardwood  and  oak-hickory  species. 

Intermediate  and  pruning  cases  in  the  oak-hickory 
type  contributed  1,965  cases  to  the  1974  program  or 
12%  of  the  total  cases.  Of  the  1,965  cases,  61%  were 
predominantly  oak-hickory,  18%  were  cove  hard- 
woods, and  21%  were  predominantly  black  walnut 
stands  or  would  be  managed  as  such  given  a  very  lib- 
eral definition  of  what  constitutes  a  black  walnut 
stand  (append,  table  A3). 

There  were  1,164  intermediate  treatments  in  north- 
ern hardwoods  and  39  in  white  birch.  These  consti- 
tuted 8  %  of  the  1974  cases  and  61  %  as  many  as  there 
were  similar  treatments  in  the  oak-hickory  type. 

Douglas-fir  planting  contributed  140  cases  and 
intermediate  treatments  in  Douglas-fir  and  ponder- 
osa  pine  totalled  216  cases.  In  total,  the  West  had  472 
cases  or  3%  of  the  1974  cases. 

In  summary,  the  largast  segments  of  the  1974 
program  include  the  planting  and  release  of  loblolly 
pine  (30%),  planting  red  pine  (11%)  and  white  pine 
(9%),  and  planting  slash  pine  (7%).  Intermediate 
treatments  in  oak-hickory  (7%)  and  northern  hard- 
woods (7%)  were  also  significant.  Together  these  six 
species-practice  groups  accounted  for  71%  of  the 
cases  in  the  1974  program. 

Aggregate  Study  Results 

The  aggregate  results  for  the  1974  population  in- 
clude all  cases,  except  the  small  group  of  miscel- 
laneous practices,  as  they  were  actually  installed  in 
1974.  Failure  cases  as  well  as  successful  cases  are  in- 
cluded. The  results  also  reflect  the  particular  mix  of 
practices,  species,  sites,  and  treatment  costs  actually 
installed  in  1974.  It  is  very  important  to  remember 
this  if  any  attempt  is  made  to  extrapolate  1974  results 
to  other  program  years. 

Under  the  direct  cost  option  of  the  initial  FIP  treat- 
ment, the  weighted  average  real  IROR  was  10.2% 
(table  6).  The  average  PNW  per  acre  using  a  6-3/8% 
discount  rate  was  $213  and  the  total  B/C  ratio,  calcu- 
lated by  the  sum  of  the  expanded  benefits  divided  by 
the  sum  of  the  expanded  costs,  was  5.6  at  the  6-3/8% 
rate.  Seventy-five  percent  of  the  cases  were  capable 
of  earning  the  6-3/8%  rate  and  67%  were  capable  of 
earning  the  7-1/2%  rate.  The  total  PNW  of  the  1974 
program  was  $54  million  at  6-3/8%.  The  cost  of  the 
initial  FIP  practices  was  $8.3  million  for  the  direct 
federal  cost-share  plus  an  estimated  private  cost- 
share  of  $3.0  million,  plus  program  delivery  cost  of 
approximately  $3.8  million  dollars.  The  cost  of  sub- 
sequent treatments  must  be  added  to  this  $15.1 
million  initial  cost  to  get  a  total  cost  estimate. 


The  average  IROR  was  9.4%  under  the  total  cost 
option  which  adds  the  $223  per  case  program  deliv- 
ery charge  to  the  direct  cost  (table  7).  The  IROR 
under  the  total  cost  option  is  only  0.8%  less  than  the 
IROR  under  the  direct  cost  option.  On  the  other 
hand,  the  percentage  of  cases  capable  of  earning  the 
6-3/8%  rate  declines  by  16%  to  63%.  Fifty-three 
percent  of  the  cases  can  earn  7-1/2% . 

The  $223  per  case  program  delivery  cost  is  only 
one  factor  that  influences  the  economics  of  scale  of 
silvicultural  treatments.  Row  (1973),  for  example, 
also  includes  direct  treatment  cost  and  stumpage 
price  variations  by  tract  size.  Even  with  the  program 
delivery  cost  alone,  however,  the  IROR  under  the 
total  cost  option  is  significantly  lower  than  under  the 
direct  cost  option  for  small  tract  size  cases.  The  aver- 
age IROR  for  all  timber  stand  improvement  treat- 
ments 1  to  9  acres  in  size  declines  by  30%  when  the 
program  delivery  cost  is  added  to  the  direct  cost 
(figure  4).  The  IROR  impact  is  smaller  on  planting 
cases  because  direct  planting  costs  are  higher  but 
even  there  the  IROR  for  1  to  9  acre  tracts  declines 
18%.  The  majority  of  the  delivery  cost  impact  upon 
IROR  is  dissipated  once  tract  sizes  reach  20  acres. 

The  average  IROR  under  the  federal  cost  option  is 
10.2%  (table  8)  and  under  the  private  cost  option 
which  includes  only  the  private  share  of  the  direct 
cost  is  14.9  percent  (table  9). 

The  total  yield  increase  expected  during  the  first 
rotation  is  estimated  to  be  1.04  billion  cubic  feet 


Figure  4.— Weighted  average  internal  rate  of  return  tract 
size  for  planting  and  timber  stand  improvement  cases,  by 
cost  option  and  tract  size. 
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Table  6.  Aggregate  financial  return  results  under  the  direct  cost  option  of  the  FIP  treatment. 


Discount  Total  Average  Total  Cases  earning 

rate  PNW  PNW  B/C  ratio  discount  rate 


(percent)                (mil.  (S/acre)  'percent) 
dollars) 

10                          7.94  31.40  1.9  45 

7-1/2                    30.96  122.41  3.6  67 

6-3  8                    53.96  213.37  5,6  75 

3                       605.81  2.395.45  54.2  83 
(weighted  average  IROR  =  10.2) 


Table  7.  Aggregate  financial  return  results  under  the  total  cost  option  of  the  FIP  treatment 


Discount  Total  Average  Total  Cases  earning 

rate  PNW  PNW  B/C  ratio  discount  rate 


(percent)                (mil.  (S/acre)  (percent) 
dollars) 

10                          4.42  17.47  0.9  32 

7-1/2                    27.43  108.48  1.9  53 

6-3  8                    50.44  199.45  3.0  63 

3                       602.29  2.381.70  31.8  82 

(weighted  average  IROR  =  9.4) 


Table  8.  Aggregate  financial  return  results  under  the  public  cost  option  of  the  FIP  treatment 


Discount 
rate 


Total 
PNW 


Average 
PNW 


Total 
B/C  ratio 


Cases  earning 
discount  rate 


(percent' 
10 

7-1/2 
6-3/8 
3 


(mil. 

dollars) 
7.56 
30.58 
53.58 

605.43 


S  acre) 

29.89 
120.90 
211.86 
2.393.94 


1.0 
2.2 
3.5 
36.0 


'percent) 

39 
57 
65 
82 


(weighted  average  IROR  =  10.2) 


Table  9.  Aggregate  financial  return  results  under  the  private  cost  option  of  the  FIP  treatment 


Discount 

Total 

Average 

Total 

Cases  earning 

rate 

PNW 

PNW 

B/C  ratio 

discount  rate 

(mil. 

(percen: 

dollars) 

(S/acre) 

(percen: 

10 

16.09 

63.62 

5.3 

69 

7-1/2 

39.10 

154.62 

10.9 

79 

6-3/8 

62.11 

245.58 

16.0 

82 

3 

613.96 

2.427.66 

114.9 

83 

(weighted  average  IROR  =  14.9) 

Table  10.  Estimated  first  rotation  yield  increase,  in  million  cubic  feet,  by  product  and  year 

Softwoods 

Hardwoods 

Year 

Sawtimber 

Pulpwood       Sawtimber  Pulpwood 

Total 

(million  cubic  feet) 

1974-2000 

3.3 

98.1 

8.3  10.4 

120.1 

2001-2025 

368.8 

199.2 

14.6  8.4 

590.9 

2026-2050 

81.4 

1.0 

33.4  -10.1 

105.8 

2051-2075 

71.8 

-1.7 

1.3  0.9 

72.3 

2076-2100 

154.4 

0.0 

-0.1  0.5 

154.8 

Total 

679.7 

296.7 

57.4  *  10.1 

1043.9 

(table  10).  The  majority  of  this  yield  is  softwood  saw- 
timber (65^)  and  softwood  pulpwood  accounts  for 
most  of  the  rest  (28^).  Hardwoods  account  for  a 
much  smaller  yield  increase.  This  is  in  keeping  with 
the  observation  that  intermediate  treatments  in  hard- 


woods primarily  affect  tree  quality  and  species  com- 
position, not  total  yield.  Hardwood  treatments  were 
also  a  relatively  small  component  of  the  program. 
The  average  increases  in  mean  annual  increment 
(MAI)  in  cubic  feet  acre  ''year  are: 
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Product 

softwood  sawtimber 
softwood  pulpwood 
hardwood  sawtimber 
hardwood  pulpwood 

total 


MAI  increase 

44.01 
26.93 

2.44 

0.44 

73.82 


The  first  rotation  yield  increases  are  spread  over  a 
125-year  period,  from  1974  to  2100.  A  very  large 
share  (40%)  of  the  softwood  sawtimber  yield  in- 
crease is  expected  to  occur  between  2020  and  2025 
when  the  loblolly  pine  plantations  mature.  Over  half 
(55%)  of  the  softwood  sawtimber  yield  increase 
occurs  within  50  years  of  the  initial  investment. 
Twelve  percent  occurs  between  51  and  75  years  after 
1974  and  11%  occurs  in  the  final  25-year  period. 
Twenty-three  percent  occurs  100  to  125  years  after 
initial  investment  when  the  northern  pine  plantations 
mature.  The  softwood  pulpwood  yield  increase  gen- 
erally occurs  earlier,  33%  in  the  first  25  years  and 
67%  in  the  next  25  years.  Most  of  the  pulpwood  yield 
comes  in  commercial  thinnings  while  the  majority  of 
the  sawtimber  yields  are  not  achieved  until  final 
harvest. 

Forty-two  percent  of  the  hardwood  sawtimber 
yield  occurs  in  the  first  two  25-year  periods.  The  re- 
maining 58%  of  the  hardwood  sawtimber  yield 
occurs  between  51  to  75  years  following  the  initial  in- 
vestment. 

Roughly  0.1%  of  the  nonindustrial  private  com- 
mercial timberland  was  treated  under  the  1974  FIP 
program.  Although  the  softwood  yield  increases 
from  the  first  rotation  are  spread  over  a  125-year 
period,  their  sum  equals  28%  of  the  total  nonindus- 
trial private  softwood  removals  from  growing  stock 
in  1970  (USDA-FS  1973).  The  average  softwood  rota- 
tion in  the  1974  FIP  cases  was  54  years.  The  average 
first  rotation  softwood  yield  increase  for  all  the  cases 
was  3.86  thousand  cubic  feet  per  acre. 

Assuming  that  a  similar  0.1%  could  be  treated 
each  of  the  54  years,  and  assuming  that  their  total 
output  equals  the  1974  level  on  the  average,  28%  of 
the  annual  softwood  growing  stock  removals  in  this 
class  could  be  derived  each  year  from  5.4%  of  the 
nonindustrial  private  acreage.  Carried  one  step 
further,  if  enough  similar  acres  could  be  located, 
management  of  19%  of  the  nonindustrial  private 
acreage  would  produce  an  average  annual  yield  in- 
crease equal  to  the  total  1970  removals  from  this 
owner  class.  This  small  percentage  is  not  surprising 
given  that  the  majority  of  the  softwood  yield  on  non- 
industrial  private  lands  currently  come  from  natural 
stands  where  the  pines  must  compete  with  hard- 
woods, while  the  FIP  cases  are  heavily  weighted 
toward  plantations  on  bare  land  or  those  following 
conversion. 


This  means  that  intensive  culture  on  a  relatively 
small  percentage  of  the  total  acres  could  produce  as 
much  yield  increase  as  is  currently  being  produced 
from  the  total  commercial  timberland  base.  These 
conclusions  are  similar  to  those  reached  by  Vaux 
(1973)  for  California.  Intensive  culture  of  a  larger 
percentage  of  the  acreage  could  produce  more  output 
and  a  significant  percentage  of  the  acreage  would  still 
be  free  for  nontimber  management  objectives. 

Sensitivity  of  Aggregate  Results  to  Changes  in  Data 
and  Assumptions 

The  sensitivity  of  the  IROR  in  each  sample  case  to 
changes  in  data  input  was  measured.  Sensitivity  was 
measured  by  determining  how  much  of  a  percentage 
change  in  selected  groups  of  data  was  necessary  to 
change  the  IROR  of  each  case  by  1  percentage  point 
of  interest,  e.g.,  from  6.4%  return  to  5.4%  or  7.4%. 
Sensitivity  to  changes  in  each  of  four  data  groups 
was  measured  independently;  subsequent  treatment 
costs,  commercial  thinning  yields,  final  harvest 
yields,  and  stumpage  prices.  Only  data  in  the  first  ro- 
tation of  the  intense  regime  was  subjected  to  the  sen- 
sitivity analysis.  If  the  sensitivity  of  the  same  data 
items  in  the  intense  and  current  regimes  had  been 
tested  jointly,  the  sensitivity  would  be  much  lower 
since  the  errors  tend  to  compensate  for  each  other. 
The  computer  program  developed  by  Goforth  and 
Mills  (1975)  was  used  to  measure  the  sensitivity  and 
can  be  found  in  more  detail  in  Mills  et  al.  (1976). 

The  simple  average  of  percentage  data  changes  for 
individual  sample  cases  with  non-zero  IROR's  was 
calculated  for  each  of  the  77  sample  cells  or  strata 
(append,  table  A10).  The  sensitivity  results  were 
further  summarized  by  determining  how  many  cells 
had  average  sensitivity  levels  between  certain  bounds 
or  percentage  data  change  (table  11). 

The  sensitivity  to  errors  in  the  subsequent  treat- 
ment cost  data  is  very  low.  The  subsequent  treatment 
cost  estimates  would  have  to  be  decreased  on  the 
average  by  200%  in  most  cells  before  the  IROR  is  in- 
creased by  1%  of  interest.  That  is,  the  cost  estimate 
would  actually  have  to  change  signs.  There  is  also 
low  sensitivity  to  errors  in  the  final  harvest  yield 
values.  In  60  of  the  sample  cells,  final  harvest  yields 
would  have  to  be  increased  by  more  than  100% 
before  the  IROR  rises  1%  of  interest. 

The  financial  return  results  are  more  sensitive  to 
the  commercial  thinnings  yields,  even  though  they 
generally  produce  less  yield,  largely  because  they 
occur  earlier  in  the  regime  than  the  final  harvests. 
Even  with  the  commercial  thinnings,  though,  in  57  of 
the  75  cells  that  contained  thinnings,  the  yields  would 
have  to  be  increased  at  least  25%  on  the  average  to 
raise  the  IROR  by  1  %  of  interest. 
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Table  11.  Number  of  sample  cell 

is  with  data  sensitivity  levels  between  certain  bounds  of 

percentage  data  change,  by  data  group 

Dorpontfl  no 

Subsequent 

Commercial  thinning     Final  harvest 

Stumoaae 

\J>  \  U  III  \J  \A  U  \* 

Hata  rhanno1 
Udid  uiidiiyc 

treatment  costs 

2  yields 

yields 

prices 

0-9 

3 

2 

10-24 

15 

1 

no 

25-49 

26 

1 

32 

50-99 

24 

15 

13 

100-199 

4 

6 

23 

1 

200  + 

48 

1 

37 

1 

^Average  percentage  change  of  data  within  cases  in  a  sample  cell  necessary  to  increase 
IROR  by  1  percent  of  interest.  For  example,  in  three  of  the  sample  cells,  the  commercial 
thinning  yield  estimates  had  to  be  changed  by  0-9%  in  order  to  raise  the  IROR  by  1%  of  in- 
terest. 

2The  percentage  changes  are  negative  for  the  cost  class. 


The  most  sensitive  of  the  data  tested  is  the 
stumpage  price  data.  In  30  of  the  cells,  a  data  error  of 
less  than  25%  would  change  the  IROR  by  the  speci- 
fied sensitivity  level.  The  highest  sensitivity  areas  are 
largely  intermediate  treatment  cases  (append,  table 
A10).  Even  with  stumpage  price  data,  however,  in  47 
of  the  cells  the  price  estimates  would  have  to  be 
raised  more  than  25%  before  the  IROR  would  in- 
crease 1%  of  interest.  In  summary,  there  appear  to  be 
few  situations  where  potential  data  errors  could  ma- 
terially affect  the  financial  return  results.  Estimated 
financial  return  is  more  sensitive  to  the  initial  cost 
than  to  any  of  the  other  data  items  (Mills  et  al.  1976). 
Sensitivity  of  the  initial  cost  was  not  measured,  how- 
ever, since  it  had  already  been  expended. 

The  impact  of  changing  three  basic  assumptions  in 
the  analysis  procedures  was  also  tested.  First,  as 
shown  in  the  yield  information  in  appendix  table  A4, 
the  softwood  plantation  regimes  contain  from  0  to  4 
commercial  thinnings  and  the  hardwood  interme- 
diate treatment  regimes  contain  from  0  to  5  commer- 
cial thinnings.  Although  thinnings  were  not  included 
unless  they  contained  merchantable  volumes,  there 
are  widely  varying  opinions  about  their  desirability. 

A  simple  test  of  the  impact  of  the  thinning  assump- 
tion was  made  by  accumulating  all  commercial 
thinning  volumes  into  the  final  harvest  without 
reducing  the  total  rotation  harvest  volume  or  chang- 
ing the  rotation  length.  Under  the  direct  cost  option, 
this  reduced  the  weighted  average  IROR  of  all  cases 
in  the  1974  eastern  population  from  10.3%  to  7.9%, 
a  reduction  of  approximately  one-fourth.  Perhaps 
more  significantly,  only  58%  of  the  cases  could  earn 
6-3/8%  when  thinnings  were  removed  versus  76% 
when  the  thinnings  were  retained.  Although  it  is  felt 
that  the  thinnings  included  are  silviculturally  and 
economically  practical,  this  points  up  the  necessity  of 
follow-up  assistance  to  these  owners  to  insure  that 
the  thinning  yields  are  marketed.  Although  the  pre- 
viously discussed  analysis  of  data  sensitivity  indi- 
cates that  the  actual  thinning  volume  achieved  can 
fluctuate   some   without   significantly  influencing 


IROR,  this  assumption  test  shows  that  the  thinning 
must  take  place  to  gain  the  estimated  returns. 

Second,  the  assumed  increase  in  post-treatment 
stumpage  prices  to  reflect  tree  quality  impacts  of  the 
treatment  was  tested.  The  increase  of  post-treatment 
prices  was  removed  so  the  pre-  and  post-treatment 
prices  were  the  same  by  species.  Price  changes  reflec- 
tive of  species  composition  changes  were  retained. 
Again  using  the  eastern  population  as  a  test,  the 
weighted  average  IROR  only  declined  from  10.3%  to 
10.2% .  The  greatest  impact  of  removing  this  assump- 
tion was  on  northern  hardwood  cases  where  the 
weighted  average  IROR  declined  from  15.0%  to 
13.3%. 

Last,  the  second  and  perpetual  rotations  of  both 
the  intense  and  current  regimes  were  removed, 
leaving  only  the  first  rotation  of  each.  This  was 
tested  in  five  representative  sample  cells  (cells  11,  25, 
39,  50,  and  55).  The  weighted  average  IROR  changed 
by  less  than  0.1  percentage  point  of  interest. 

The  perpetual  rotations  permit  a  "clean"  financial 
return  comparison  with  similar  time  horizons  but  it  is 
an  unnecessary  refinement  for  these  timber  invest- 
ments. 

Regional  and  Broad  Practice  Group  Results 

The  estimates  of  MAI  increase  and  percentage  of 
cases  that  can  earn  6-3/8%  and  7-1/2%  differ  quite  a 
bit  by  region.  The  major  financial  return  and  yield 
indicators  of  performance  were  higher  in  the  South 
than  in  any  other  region  and  66%  of  the  federal  cost- 
share  funds  were  expended  in  the  South  in  1974  (table 
12).  The  average  IROR  was  10.8%  and  the  average 
per  acre  MAI  increase  was  94  cubic  feet.  Eighty-eight 
percent  of  the  cases  could  earn  6-3/8% . 

The  average  IROR  in  the  North  was  lower,  8.9%, 
and  so  was  the  average  per  acre  MAI  increase,  42 
cubic  feet.  The  smaller  yield  increase  is  related  to  the 
larger  proportion  of  hardwood  investments.  In  the 
North  66%  of  the  cases  could  earn  6-3/8%,  down 
22%  from  the  South. 
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Table  12.  Financial  return  and  yield  results  by  region  under  the  direct  cost  option 


Region 


Average 
IROR 


South 
North 

Pacific  Coast 
Rocky  Mountains 


(percent) 
10.8 
8.9 
9.4 
2.9 


Average 
MAI  increase 


(cubic  feet/acre) 
94 
42 
67 
2 


Cases  earning 
discount  rate 


6-3/8% 


7-1/2% 


(percent) 

88  86 

66  52 

61  58 

12  7 


Percentage  of 
total  funds 


(percent) 
66 
29 

3 

2 


The  average  IROR  in  the  Pacific  Coast  was  9.4% 
and  the  average  per  acre  MAI  increase  was  67  cubic 
feet,  both  of  which  are  between  those  of  the  North 
and  South.  Although  the  Pacific  Coast  average  IROR 
was  greater  than  in  the  North,  5%  less  (or  61%)  of 
the  cases  were  capable  of  earning  6-3/8% . 

The  average  IROR  in  the  Rocky  Mountains  was 
2.9% .  The  other  indicators  of  timber  yield  and  finan- 
cial return  performance  were  also  relatively  lower 
than  for  the  South,  North,  and  Pacific  Coast.  Only 
2%  of  the  1976  federal  funds  were  spent  in  the  Rocky 
Mountains,  however,  so  the  total  program  impact 
was  small. 

Of  the  states  sampled  individually,  New  York  had 
the  highest  average  IROR  (20.0%)  under  the  direct 
cost  option,  followed  by  Indiana  (14.6%),  Louisiana 
(14.1%),  Florida  (12.6%),  and  Georgia  (12.3%)  (ap- 
pend, table  All).  Several  other  Southern  states  had 
average  IROR's  above  10% . 

The  variations  in  average  IROR  by  state  are 
largely  reflective  of  the  sites  treated,  the  mix  of  prac- 
tices applied,  and  regional  stumpage  price  differen- 
tials. The  average  IROR  from  the  southern  pine 
plantings  was  11.3%  or  almost  twice  as  high  as  the 
average  IROR  on  northern  conifer  plantings  (6.9%) 
and  over  twice  as  great  as  the  IROR  of  western 
conifer  plantings  (5.0% )  (table  13).  The  percentage  of 
the  cases  capable  of  earning  6-3/8%  varied  similarly. 
Ninety-one  percent  of  the  southern  pine  plantings, 
63%  of  the  northern  conifer  plantings,  but  only  47% 
of  the  western  conifer  plantings,  could  earn  the  target 
rate. 

The  northern  conifer  plantings  do  have  a  larger 
MAI  increase  (122  cubic  feet)  than  the  southern  pine 
plantings  (108  cubic  feet).  The  northern  conifers, 
especially  white  and  red  pine,  are  capable  of  main- 
taining a  high  periodic  growth  longer  than  the  south- 
ern pines  which  gives  rise  to  the  relatively  large  first 
rotation  yield  in  the  northern  conifer  plantings.  The 
financial  returns  are  lower  in  spite  of  this  growth 
characteristic  because  fewer  northern  conifer  planta- 
tions had  the  minimum  acceptable  stocking  levels, 
the  MAI  peaks  at  an  older  age  than  for  southern  pine, 
and  the  pine  stumpage  prices  in  the  regions  where 
northern  conifers  were  planted  are  not  as  high  as 
where  southern  pines  were  planted. 


The  hardwood  plantings  had  a  high  average  IROR 
(10.2%).  The  management  regimes  required  to 
achieve  this  return  are  quite  intense,  however,  re- 
quiring several  subsequent  cultural  operations.  If 
those  subsequent  practices  are  not  installed,  the  fi- 
nancial return  picture  will  be  much  different. 

The  average  IROR  for  timber  stand  improvements 
in  southern  pine  and  oak-pine  and  in  northern 
conifers  are  essentially  the  same  (9.3  and  9.4%).  The 
returns  on  timber  stand  improvements  of  western 
conifers  are  lower  (7.3%),  largely  because  fewer 
cases  passed  the  silvicultural  thresholds.  The  per  acre 
MAI  increase  for  the  conifer  timber  stand  improve- 
ments are  much  less  than  for  the  plantings  —  45  cubic 
feet  for  southern  pines  and  oak-pine,  25  cubic  feet  for 
northern  conifers,  and  16  cubic  feet  for  western 
conifers.  The  yield  increase  is  smaller  because  the 
current  regime  of  timber  stand  improvement  cases 
contains  the  unmanaged  yield  of  an  existing  stand. 
The  current  regime  in  most  planting  cases  has  neg- 
ligible yield  or  largely  unmerchantable  species. 

Timber  stand  improvements  in  the  cove  hardwood 
and  black  walnut  cases  had  the  highest  average  IROR 
of  any  of  the  broad  practice  groups  (21.4%).  The 
northern  hardwood  cases  are  also  high  (15.0%). 
Only  a  small  amount  of  this  high  IROR  can  be  at- 
tributed to  yield  increase.  The  average  MAI  increases 
for  the  two  species  groups  are  only  16  and  10  cubic 
feet,  respectively.  Although  some  can  be  attributed 
to  the  assumption  of  tree  quality  increase  due  to  the 
treatment  as  reflected  through  stumpage  price,  when 
the  assumption  was  removed  the  average  IROR  of 
the  northern  hardwood  cases  only  fell  to  13.3%  and 
the  cove  hardwood  and  black  walnut  fell  even  less  to 
20.8%. 

Two  main  factors  contribute  to  these  high  returns. 
First,  the  stumpage  price  assumptions  for  the  pre- 
dominant species  are  high  enough  that  a  small  yield 
increase  is  sufficient.  Second,  and  most  important,  is 
the  species  composition  impact  of  the  treatment.  Al- 
though the  post-treatment  yield  might  only  be 
slightly  larger  than  pretreatment  yield,  it  is  generally 
dominated  by  higher  value  species.  The  species  com- 
position impact  of  hardwood  timber  stand  improve- 
ments is  often  ignored  in  studies  of  treatment  poten- 
tials, which  leads  to  an  underestimate  of  potential 
returns.  On  the  other  hand,  the  impact  of  the  species 
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composition  change  is  a  function  of  differential 
stumpage  prices  by  species. 

The  same  stumpage  price  differentials  by  species 
which  occur  now  are  assumed  to  occur  at  the  time  of 
harvest  in  the  treated  hardwood  stands.  If  this  price 
differential  does  not  continue  or  if  the  price  differen- 
tial changes  by  species,  the  hardwood  timber  stand 
improvements  will  have  much  lower  returns.  The 
price  differentials  are  largely  influenced  by  consumer 
preferences  for  products  like  furniture.  The  future 
hardwood  prices,  and  the  estimated  returns,  are 
more  uncertain  than  the  softwood  prices. 

The  average  IROR  for  oak-hickory  timber  stand 
improvements  is  lower  than  for  any  other  broad 
practice  group  (4.7%).  The  MAI  increase  is  lowest 
(10  cubic  feet)  and  so  is  the  percentage  of  the  cases 
capable  of  earning  6-3/8%  (42%).  The  lower  per- 
formance resulted  from  a  large  number  of  cases  ex- 
ceeding the  silvicultural  thresholds,  especially  the 
one  for  maximum  stand  age.  The  average  IROR  of 
oak-hickory  cases  that  do  pass  the  silvicultural 
thresholds,  however,  is  about  10%,  again  reflecting 
the  low  treatment  cost  and  species  composition 
impact  of  the  treatment.  The  same  tabulation  of 
results  under  the  total  cost  option  is  contained  in  ap- 
pendix table  A12. 


Relatively  High  and  Low  Performance  Program 
Segments 

Three  indicators  of  timber  production  perform- 
ance were  used  to  determine  the  performance  of  pro- 
gram segments:  the  weighted  average  IROR  with 
respect  to  the  6-3/8%  return  criterion,  the  percentage 
of  cases  capable  of  earning  6-3/8%  return,  and  the 
average  per  acre  MAI  increase  relative  to  the  average 
for  the  1974  program.  Only  large  program  segments 
were  rated  against  these  indicators  unless  the  segment 
was  isolated  enough  to  permit  easy  program  modifi- 
cation. Financial  return  criteria  were  generally  given 
more  weight  than  physical  timber  yield  increase  in 
this  ranking.  Study  results  are  shown  in  table  5,  and 
appendix  tables  A13,  A14,  and  A3. 

Loblolly  pine  plantings  ranked  highest  with  respect 
to  these  three  characteristics.  These  plantings  had  an 
above  average  IROR  and  MAI  increase.  Ninety-three 
percent  of  the  cases  can  earn  6-3/8%.  Slash  pine 
plantings  also  ranked  high.  Their  average  IROR  is 
higher  but  the  MAI  increase  and  percentage  of  cases 
earning  6-3/8%  are  lower  than  for  loblolly  pine 
plantings.  Loblolly  pine  understory  release  cases 
(release  of  an  established  understory  from  overstory 
competition)  constitute  a  smaller  part  of  the  program 
but  their  returns  are  high.  The  percentage  of  cases 
capable  of  earning  6-3/8%  is  higher  than  for  any 
other  program  segment  (97%). 
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Some  of  these  southern  pine  planting  cases  have 
enough  hardwood  invasion  to  require  a  subsequent 
hardwood  control  treatment.  Similarly,  many  of  the 
understory  release  cases  are  overstocked  such  that 
the  management  regimes  include  a  subsequent  pre- 
commercial  thinning.  If  these  follow-up  treatments 
are  not  installed,  the  actual  returns  realized  will  be 
lower  than  the  estimates  (table  14). 

Intermediate  treatments  in  northern  hardwoods 
had  a  high  average  IROR  (15.0%),  higher  than  for 
southern  pine  treatments.  The  major  reason  is  change 
in  species  composition  brought  about  by  the  practice, 
coupled  with  high  stumpage  prices.  Eighty  percent  of 
the  cases  can  earn  the  6-3/8%  return. 

Intermediate  treatments  in  cove  hardwoods  had  an 
even  higher  average  IROR  (16.0%)  and  so  did  black 
walnut  intermediate  treatments  (16.9%).  Both  of 
these  "fine  hardwood"  treatments  had  below-average 
percentages  of  cases  earning  6-3/8%,  though,  just 
over  70%  for  both  practices. 

Intermediate  treatments  in  Douglas-fir  had  a 
higher  average  IROR  (14.8%)  than  similar  treat- 
ments of  eastern  conifers.  Less  than  half  of  the 
Douglas-fir  intermediate  treatment  practices  could 
earn  6-3/8%,  however. 

The  primary  reason  that  individual  cases  in  the 
high  performance  program  segments  could  not  earn 
the  6-3/8%  return  limit  was  failure  to  pass  one  of  the 
silvicultural  thresholds,  such  as  minimum  plantation 
stocking  (append,  table  A14).  Cases  that  did  pass  the 
silvicultural  thresholds,  however,  could  usually  earn 
6-3/8%.  The  only  two  exceptions  were  intermediate 
treatments  in  black  walnut  and  Douglas-fir.  In  these 
practices,  some  cases  that  passed  the  silvicultural 
thresholds  failed  to  earn  6-3/8%.  This  usually 
resulted  from  some  combination  of  low  sites  and /or 
high  treatment  costs.  The  high  cost  and  low  sites  of 
some  Pacific  Coast  investments  in  1974  was  noted  in 


the  first  stage  evaluation  of  the  1974  FIP  evaluation 
(Mills  1976). 

The  low  performance  program  segments  were  pre- 
dominantly conifer  treatments.  Timber  stand  im- 
provements in  slash  pine  and  oak-pine  stands  were 
low  performance  segments  (table  15).  With  a  low 
average  IROR,  only  12%  and  19%,  respectively, 
could  earn  6-3/8%. 

Treatment  of  slash  pine  and  oak  pine  stands  above 
the  maximum  stand  age  threshold  were  the  primary 
reason  for  the  low  performance.  This  finding  is  con- 
trary to  the  high  returns  for  southern  pine  and  oak- 
pine  timber  stand  improvement  derived  by  Anderson 
(1968).  The  reason  is  that  some  individual  trees 
removed  during  the  practice  were  sold  in  Anderson's 
analysis,  which  lowered  the  effective  practice  cost. 
No  such  salvage  was  assumed  in  this  study.  Extensive 
salvage  is  not  permitted  in  FIP  practices  and  the 
ground  measurements  indicate  that  little  salvage 
occurred  in  this  practice. 

Shortleaf  pine  plantings  had  an  average  IROR  of 
5.7%  with  25%  earning  6-3/8%.  Most  loss  is  due  to 
low  financial  returns  rather  than  inadequate  stock- 
ing. Shortleaf  pine  rotations  are  longer  than  the  lob- 
lolly and  slash  pine  rotations.  Shortleaf  pine  is  also 
planted  in  lower  stumpage  price  regions. 

White  pine  plantings  had  an  IROR  of  6.1%  and 
50%  can  earn  6-3/8%,  even  though  there  is  a  large 
MAI  increase.  The  reason  white  pine  plantings  fail  to 
earn  6-3/8%  is  split  between  inadequate  stocking  and 
low  financial  returns  even  when  stocking  is  above  the 
200  seedling  limit. 

Spruce  plantings  have  a  lower  than  average  IROR 
and  percentage  of  cases  earning  6-3/8%.  Timber 
stand  improvements  in  spruce-fir  and  hemlock  have 
an  average  IROR  of  3.0% . 

Ponderosa  pine  plantings  and  timber  stand  im- 
provements were  both  low  performance  segments 


Table  14.  Major  segments  of  the  1974  FIP  program  which  exhibited  relatively  high  financial 

return  and  timber  yield  performance 


Weighted  Percent  of  cases      Weighted  average 

Program  segment1  average  IROR        earning  6-3/8%  MAI  increase 


(percent) 

(cu.  ft./ac./yr.) 

1.  Loblolly  pine,  planting 

10.9 

93 

110.1 

2.  Slash  pine,  planting 

12.4 

90 

104.8 

3.  Loblolly  pine, 

understory  release 

12.6 

97 

91.3 

4.  Northern  hardwood, 

timber  stand  improvement 

15.0 

80 

10.4 

5.  Cove  hardwood, 

timber  stand  improvement 

16.0 

72 

26.9 

6.  Black  walnut, 

timber  stand  improvement 

16.9 

71 

4.1 

7.  Douglas-fir, 

timber  stand  improvement 

14.8 

48 

39.9 

1/n  some  situations  these  "segments"  are  aggregations  of  the  detailed  groups  shown  in 
appendix  table  A.  "Timber  stand  improvement"  includes  the  precommercial  thinning,  inter- 
mediate treatments,  prune  and  intermediate  treatment,  and  prune  practices,  for  example. 
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Table  15.  Major  segments  of  the  1974  FIP  program  which  exhibited  relatively  low  financial 

return  and  timber  yield  performance 


weigntea 

Percent  of  cases 

Weighted  average 

Program  segment1 

average  IROR 

earning  o-o/o  % 

MAI  increase 

(percent) 

(cu.  ft./ac./yr.) 

1 .  Slash  pine,  timber 

stand  improvement 

3.2 

12 

4.5 

2.  Oak-pine,  timber 

stand  improvement 

4.8 

19 

3.2 

3.  Shortleaf  pine,  planting 

5.7 

24 

62.6 

4.  White  pine,  planting 

6.1 

49 

126.9 

5.  Spruce,  planting 

6.7 

63 

106.2 

6.  Spruce-fit  &  hemlock, 

timber  stand  improvement 

3.0 

24 

1.5 

7.  Oak-hickory,  timber 

stand  improvement 

4.7 

43 

9.5 

8.  Ponderosa  pine,  planting 

2.0 

11 

12.4 

9.  Ponderosa  pine,  timber 

stand  improvement 

3.7 

26 

1.6 

Un  some  situations  these  "segments"  are  aggregations  of  the  detailed  groups  shown  in 

appendix  table  A.  "Timber  stand  improvement"  includes  the  precommercial  thinning,  inter- 
mediate treatments,  prune  and  intermediate  treatment,  and  prune  practices,  for  example. 


with  an  IROR  of  2.0%  and  3.7%  respectively.  The 
MAI  increases  and  percentages  that  can  earn  6-3/8% 
return  are  also  quite  low. 

The  only  major  hardwood  treatment  that  ranked 
low  by  these  indicators  was  timber  stand  improve- 
ment in  oak-hickory  stands.  The  MAI  increase  was 
low  (9.5  cubic  feet),  as  it  was  for  most  hardwood 
treatments  but  the  average  IROR  was  also  low 
(4 . 7  % ).  Only  43  %  of  the  cases  can  earn  6-3  /  8  % .  The 
low  percentage  resulted  from  cases  exceeding  the  sil- 
vicultural  thresholds,  particularly  the  one  for  maxi- 
mum stand  age.  Unfortunately,  these  oak-hickory 
treatments  constitute  a  major  share  of  the  FIP 
program  in  several  central-region  states. 

In  summary,  the  average  estimated  financial  return 
and  timber  yield  increase  of  the  1974  FIP  investments 
are  quite  high.  There  are  several  major  program 
segments  which  rate  low  against  the  financial  return 
and  yield  criteria,  however.  The  occurrence  of  low 
performance  segments  is  analyzed  in  the  following 
section  and  recommendations  are  made  for  possible 
program  redirection. 

Practices  Which  Require  Timely  Follow-up 
Treatment 

The  ground  measurements  from  the  1974  sample 
cases  indicate  that  some  of  the  initial  FIP  treatments 
need  to  be  followed  by  subsequent  treatments, 
specifically:  removal  of  residual  basal  area,  hard- 
wood or  brush  control  in  plantations,  or  precommer- 
cial thinning  due  to  overstocked  seedlings.  Most  of 
the  needed  follow-up  treatments  occur  in  conifer 
planting  cases.  In  the  financial  return  and  yield  in- 
crease analysis,  all  subsequent  treatments  are 
assumed  to  take  place.  A  yield  penalty  was  registered 


for  these  cases,  however,  affecting  financial  return.  If 
the  follow-up  treatments  are  not  done,  actual  returns 
and  yield  increases  will  be  much  lower  than  the  esti- 
mated returns. 

If  plantations  exceeded  10  square  feet  of  residual 
overtopping  basal  area  at  the  time  of  the  ground 
measurement  1  to  IV2  years  following  initial  treat- 
ment, a  follow-up  treatment  to  remove  the  basal  area 
was  included.  In  southern  pine  plantings,  4.2%  or  an 
estimated  239  cases  had  more  than  10  square  feet  of 
residual  basal  area  (table  16).  The  average  residual 
basal  area  for  those  cases  was  30  square  feet.  The 
residual  trees  were  7  to  12  inch  pine  trees  scattered 
across  all  of  the  measurement  points  on  the  sample 
tracts. 

One  explanation  for  this  situation  is  that  stumpage 
markets  were  soft  in  1974  and  the  residual  volume 
was  not  merchantable  at  that  time.  Another  explana- 
tion is  that  the  5-year  prior  harvest  rule  was  in  effect 
in  1974.  These  may  be  very  good  planting  opportuni- 
ties but  the  overtopping  trees  must  be  removed 
before  seedling  survival  is  significantly  affected. 
Some  seedling  survival  and  yield  penalty  were  as- 
sessed against  these  cases.  A  much  safer  strategy  in 
the  future  would  be  to  wait  until  the  overstory  is  re- 
moved before  the  trees  are  planted.  That  way  the 
success  of  an  initially  costly  practice,  is  not  contin- 
gent upon  a  subsequent  and  uncertain  management 
decision  or  variations  in  stumpage  markets. 

Residual  basal  area  is  much  more  prevalent  in 
southern  pine  understory  release  cases  than  in  the 
planting  cases.  Over  half  or  311  of  these  cases  had  ex- 
cessive residual  basal  area  per  acre.  The  average  was 
43  square  feet  for  cases  that  exceed  the  10  square  feet 
basal  area  threshold  test.  As  in  the  planting  cases,  the 
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trees  were  mostly  5  to  12  inch  crop  trees,  some  hard- 
wood mixed  with  the  pine,  and  were  usually  spread 
across  the  entire  tract. 

A  less  risky  future  strategy  here  too  would  be  to  re- 
move all  of  the  overtopping  basal  area  at  the  time  of 
the  first  treatment.  If  insufficient  numbers  of  estab- 
lished seedlings  exist,  postpone  the  treatment  until 
enough  are  present  or  harvest  the  stand  and  plant. 
The  planting  and  release  cases  that  had  overtopping 
basal  area  occurred  almost  exclusively  in  the  south- 
central  states  of  Oklahoma,  Texas,  and  Louisiana. 

Roughly  6.7%  or  615  of  the  eastern  conifer  plant- 
ing cases  had  enough  hardwood  volunteers  in  rela- 
tion to  the  surviving  planted  seedlings  to  signal  the 
need  for  a  follow-up  hardwood  control  treatment. 
Unlike  the  residual  basal  area  situation,  hardwood 
volunteers  cannot  be  avoided  by  changing  the  nature 
of  the  initial  practice.  Hardwood  control  is  simply  a 
necessary  part  of  the  job  of  growing  pines  on  some 
sites. 

Seedling  overstocking  occurred  in  20.5%  or  114  of 
the  southern  pine  understory  release  cases.  This  is 
also  difficult  to  avoid  at  the  time  of  initial  treatment. 
A  large  percentage  of  the  Douglas-fir  planting  cases 
also  require  brush  control  (79.0%).  In  total,  an  esti- 
mated 1,390  or  8.7%  of  the  1974  FIP  cases  require 
some  immediate  follow-up  treatment. 

Identification  of  needed  follow-up  is  particularly 
important  for  non-industrial  private  owners  that  par- 
ticipated in  FIP.  A  large  percentage  of  these  owners 
would  not  have  applied  the  initial  practice  without 
the  technical  and/or  the  financial  assistance  provided 
by  FIP  and  probably  will  not  apply  needed  follow-up 
practices  unassisted.  Previous  studies  by  Kurtz  et  al. 
(1978),  Shackelford  (1976),  and  Kingsley  and  Mayer 
(1972)  support  the  hypothesis  that  follow-up  treat- 
ments are  not  applied  on  nonindustrial  private  lands 
as  frequently  as  needed. 


Follow-up  assistance,  at  least  of  a  technical  nature, 
should  be  an  integral  part  of  the  program  delivery 
structure.  This  may  only  be  accomplished  under 
existing  money  and  manpower  constraints  at  the 
expense  of  signing  new  cases.  The  follow-up  treat- 
ments are  usually  low  cost  practices,  but  they 
"protect"  much  more  costly  planting  practices.  New 
and  costly  planting  treatments  are  questionable  if  the 
potential  of  past  plantings  is  not  achieved  for  want  of 
a  low  cost  and  financially  justifiable  follow-up  treat- 
ment. This  is  just  one  more  facet  on  the  question  of 
program  quality  versus  quantity.  Too  much  em- 
phasis on  program  size  often  results  in  lower  quality 
and  smaller  final  program  effect  in  turn. 


Practices  that  Failed  to  Pass  Silvicultural  Threshold 
Tests 

Four  silvicultural  threshold  categories  were  used  to 
identify  cases  likely  to  produce  negligible  yield  in- 
crease: insufficient  plantation  stocking,  treatment  of 
old  stands,  treatment  of  understocked  stands,  and 
removal  of  insufficient  basal  area  (table  3).  Some 
cases,  particularly  plantations,  failed  threshold  tests 
because  of  natural  factors  that  were  not  predictable 
at  the  time  the  practice  was  installed.  These  are 
simply  the  risks  of  growing  a  timber  crop.  There 
were  cases  though,  where  the  prescribing  forester 
could  have  developed  information  to  indicate  that 
the  case  probably  would  fail.  These  situations  are 
labeled  "management  controllable"  threshold 
failures. 

Eleven  percent  or  1,165  of  all  the  1974  plantation 
cases  had  insufficient  surviving  seedling  stocking  to 
justify  carrying  the  plantation  to  maturity.  Ground 
observer  comments  were  studied  to  determine  if  the 
low  stocking  could  have  been  avoided  by  proper  pre- 


Table  16.  Specific  follow-up  treatments  needed  and  scope  of  each 


Percent  of 

Follow-up  treatment  and 

practice  category 

Number 

Predominant 

practice  category 

affected 

of  cases 

states 

Remove  overtopping  basal 

Louisiana 

area  from  southern  pine 

Oklahoma 

plantings 

4.2 

239 

Texas 

Remove  overtopping  basal 

Louisiana 

area  from  released  seedlings, 

Mississippi 

southern  pine 

56.1 

311 

Oklahoma 

Texas 

Hardwood  control  in  southern 

North  Carolina 

pine  and  northern  conifer 

South  Carolina 

plantings 

6.7 

615 

Pennsylvania 

Precommercial  thinning  in 

Texas 

overstocked  southern  pine 

Mississippi 

release  cases 

20.5 

114 

Virginia 

Spray  for  brush  control  in 

Oregon 

Douglas-fir  plantings 

79.0 

111 

Washington 

Total 

8.7 

1390 

24 


Table  17.  Management  controllable  situations  when  silvicultural  thresholds  were  exceeded 


Percent  of  class        Number  Major  practice 

Threshold  affected  affected  of  cases  categories 

Insufficient  plantation  stocking  6.4  649        Southern  pines 

Northern  conifers 
Western  conifers 

Treatment  of  old  stands  21.3  1087  Oak-hickory 

Southern  pines 

Removal  of  insufficient  basal  area  4.9  235  Oak-hickory 

Treatment  of  understocked  stands  2.4  113 


Total  13.1  2084 


scription  and  treatment.  Over  half  of  the  plantation 
failures  were  management  controllable  (table  17). 
The  reasons  given  include  inadequate  site  prepara- 
tion, poor  planting  stock,  and  failure  to  remove 
overtopping  trees.  About  half  of  the  southern  pine 
and  northern  conifer  plantation  failures  were  identi- 
fied as  management  controllable  (table  18).  Since  this 
designation  was  made  using  remarks  from  ground 
observers,  it  may  understate  the  problem.  All  of  the 
Douglas-fir  and  ponderosa  pine  plantation  failures 
measured  at  the  age  of  1  to  l1 :  years  were  identified 
as  management  controllable. 

A  closer  look  at  the  distribution  of  plantations  by 
stocking  class  in  figure  5  shows  that  a  large  per- 
centage of  the  slash  pine  and  loblolly  pine  plantations 
fell  in  the  "optimum"  stocking  range  of  400  to  599 
surviving  seedlings  per  acre.  Roughly  20%  fell  in  the 
200  to  399  tree  range.  Even  though  these  latter  cases 
exceed  the  200  tree  minimum  stocking  threshold,  a 
yield  penalty  was  assessed,  usually  by  foregoing 
early  thinnings  until  stand  density  reached  full  stock- 
ing. The  distribution  of  northern  conifer  plantations 
in  figure  6  shows  a  similar  relationship  although  the 
largest  concentration  of  red  pine  and  spruce-fir  plan- 
tations are  in  a  higher  stocking  class — 600  to  799  sur- 
viving seedlings. 

Study  of  recorded  ground  measurement  indicated 
that  almost  all  of  the  timber  stand  improvement  cases 
which  exceeded  silvicultural  thresholds  fell  into  the 
management  controllable  category.  Treatment  of 
over-aged  stands  was  the  most  common  threshold  ex- 
ceeded. This  occurred  in  1,087  cases  or  21.3%  of  the 
timber  stand  improvement  cases. 

Treatment  of  old  stands  was  especially  prevalent  in 
oak-hickory  and  southern  pine  and  oak-pine  timber 
stand  improvements.  Half  of  the  oak-hickory  timber 
stand  improvements  were  over  the  45-year  silvicul- 
tural threshold  (table  18). 

Figure  7  also  shows  that  most  cases  did  not  fall  just 
over  the  threshold.  Ten  percent  of  the  oak-hickory 
cases  were  stands  over  80  years  old.  A  small  number 
of  the  cases  over  45  years  old  may  have  an  acceptable 
IROR  if  the  species  composition  is  improved  signifi- 
cantly by  the  practice.  Some  yield  increase  can  also 
be  achieved  by  treatment  of  some  of  these  stands,  but 
they  are  decidedly  low  priority  treatments. 


The  largest  share  of  the  southern  pine  cases  over 
the  age  threshold  were  slash  pine  cases  which  were 
compared  against  a  20-year  threshold  (fig.  8]. 
Fourteen  percent  of  the  northern  hardwood  timber 
stand  improvements  were  over  the  60  year  threshold 
and  about  half  as  many  black  walnut  and  cove  hard- 
wood cases  were.  The  black  walnut  and  cove  hard- 
wood cases  were  largely  20  to  45  years  old,  which  is 
very  desirable  for  timber  yield  effect. 

All  of  the  red  pine  stands  were  between  11  to  30 
years  old  at  the  time  of  treatment  (fig.  9).  Treatment 
of  40  to  50  year  old  white  pine  and  spruce-fir  stands 
was  not  uncommon  though.  Only  10 %  of  the  pon- 
derosa pine  stands  were  less  than  40  years  old  at  the 
time  of  treatment  (fig.  10).  Forty-five  percent  were 
over  70  years  old.  some  going  as  high  as  89  years. 
Older  maximum  age  thresholds  were  used  on  western 
types  than  on  eastern  conifer  types. 

Removal  of  insufficient  basal  area  occurred  in  235 
cases  which  was  less  frequent  than  the  excessive  age 
problem.  This  "light  treatment"  situation  occurred  in 
more  than  5%  of  the  timber  stand  improvements  in 
southern  pine  and  oak-pine,  northern  conifers,  and 
oak-hickory  stands  (table  15'.  Treatment  of  under- 
stocked stands  that  were  understocked  before  the 
practice  was  applied  occurred  in  113  cases. 

In  total,  2,084  cases  exceeded  the  silvicultural 
thresholds  used  in  this  study.  The  thresholds  were 
based  upon  standard  silvicultural  information,  such 
as  stand  age,  stocking,  and  species  composition.  If 
this  stand  information  had  been  collected  and  prop- 
erly evaluated,  many  cases  would  have  been  treated 
differently  or  would  have  been  rejected  for  treat- 
ment. Over  half  (51%)  of  the  oak-hickory  timber 
stand  improvements  and  44%  of  the  southern  pine 
and  oak-pine  timber  stand  improvements  failed  the 
basic  silvicultural  threshold  tests  used  in  this  study. 

Conclusions  and  Recommendations 

The  average  financial  returns  for  the  1974  Forestry 
Incentives  Program  (FIP)  are  quite  high.  The  average 
real  internal  rate  of  return  (IROR)  was  10.2%.  The 
average  and  total  yield  increase  resulting  from  the 
1974  cases  is  also  quite  high.  This  is  impressive  con- 
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\      Slash  pine   

i      Loblolly  pine  


0       1-149    150-   200-  400-  600-   800-  1000-1200-1400+ 
199     399    599    799     999    1199  1399 

Stocking  class  (trees  per  acre) 
*  Minimum  stocking  s  i  I  vie  u  I  tura  I  threshold 

Figure  5.— Distribution  of  loblolly  pine  and  slash  pine 
plantation  by  stocking  class. 


1-149     150-  200-  400-  600-  800-  1000-  1200-  1400+ 
199    399    599    799    999    1199  1399 

Stocking  class  (trees  per  acre) 
♦Minimum  stocking  silvicultural threshold 

Figure  6.— Distribution  of  red  pine,  white  pine,  and  spruce- 
fir  plantation  by  stocking  class. 

sidering  that  it  was  the  first  program  year  and  the 
greatest  administrative  effort  was  aimed  at  develop- 
ment of  an  operational  program  rather  than  upon 
program  composition. 

Several  major  program  segments  had  even  higher 
average  financial  returns  and /or  yield  increase.  The 
loblolly  and  slash  pine  plantings  and  timber  stand 
improvements  in  northern  hardwoods,  cove  hard- 
woods, and  black  walnut  stands  are  particularly 
noteworthy. 

Some  segments  of  the  1974  program  had  estimated 
financial  returns  below  the  6-3/8%  target  rate  and 
yield  increase  estimates  far  below  the  average  for  the 
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Figure  7.— Distribution  of  hardwood  timber  stand 
provement  cases  by  initial  stand  age  classes. 
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Figure  8.— Distribution  of  southern  pine  timber  stand 
improvement  cases  by  initial  stand  age  classes. 
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Figure  9.— Distribution  of  northern  conifer  timber  stand 
improvement  cases  by  initial  stand  age  classes. 
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Figure  10.— Distribution  of  western  conifer  timber  stand 
improvement  cases  by  initial  stand  age  classes. 


1974  investments.  A  small  percentage  of  these  were 
the  result  of  natural  risks,  such  as  drought.  Most 
were  the  result  of  management  decisions  made  at  the 
time  the  practice  was  prescribed  or  at  the  time  the 
treatment  was  installed. 


Five  recommendations  for  program  modifications 
may  help  improve  the  performance  of  FIP  in  future 
years.  While  some  aspects  of  certain  recommenda- 
tions are  already  included  in  program  regulation 
changes  since  1974,  a  more  consistent  and  structured 

approach  may  be  needed  in  some  areas. 
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Recommendation  §1:  Develop  detailed  silvicul- 
tural  guidelines  to  identify  case  and  treatment  condi- 
tions that  are  likely  to  produce  only  a  negligible  yield 
increase. 

In  1974,  an  estimated  $1.3  million  dollars  of  fed- 
eral and  private  cost-shares  was  spent  on  cases  that 
exceeded  the  silvicultural  thresholds,  $0.9  million  of 
that  was  federal  funds.  Additional  program  delivery 
funds  were  also  spent.  If  the  silvicultural  guidelines 
embodied  in  this  study's  thresholds  had  been  used  in 
1974,  the  average  IROR  would  have  been  12.1% 
rather  than  10.2% .  The  average  MAI  increase  would 
have  been  87  cubic  feet  per  acre  versus  74  cubic  feet 
and  87%  of  the  cases  would  have  earned  6-3/8% 
rather  than  75%  of  the  cases. 

Guidelines  may  also  be  developed  to  identify  the 
top  priority  investments  in  addition  to  developing 
guidelines  that  exclude  only  the  low  priority  ones. 
Overall  performance  may  be  improved  most  rapidly 
by  excluding  the  low  performance  segments  first, 
however. 

The  silvicultural  threshold  approach  used  in  this 
study  simply  employs  some  basic  timber-growing 
knowledge  that  has  been  available  and  accepted  for 
some  time.  The  maximum  stand  age  threshold  for 
timber  stand  improvements  in  oak-hickory  is  a  good 
example.  A  silvicultural  guide  for  oak-hickory  rec- 
ommending a  45-year  maximum  stand  age  was  pub- 
lished in  1971  (Gingrich)  yet  almost  half  of  the  oak- 
hickory  timber  stand  improvement  cases  were  over 
45  years  old  and  10%  were  over  80  years  old. 

Some  information  needed  for  silvicultural  guide- 
lines is  available  in  published  form.  Many  more 
guidelines  are  required,  however,  which  can  only  be 
based  on  more  fragmentary  research  and  profes- 
sional judgment.  Even  if  published  guides  were  avail- 
able for  all  types,  it  is  questionable  that  simply  re- 
ferring service  foresters  to  a  scattering  of  published 
sources  will  lead  to  their  use.  The  service  forester 
should  be  given  the  silvicultural  guidelines  in  one 
source  document.  The  guidelines  should  be  devel- 
oped in  a  relatively  consistent  format  by  profes- 
sionals familiar  with  the  practices  and  forest  types 
involved. 

The  first  priority  for  implementation  of  silvicul- 
tural guidelines  is  timber  stand  improvements  in  oak- 
hickory,  southern  pines,  and  oak-pines.  Second 
priority  is  timber  stand  improvements  in  the  other 
softwood  species.  Third  priority  is  timber  stand  im- 
provements in  other  hardwoods  and  site  preparation 
guidelines  for  pine  plantings. 

There  is  already  evidence  that  steps  have  been 
taken  by  some  states  down  this  path.  The  practice 
guidelines  for  hardwood  timber  stand  improvement 
developed  in  Tennessee  are  a  good  example.  A  more 
concerted  and  consistent  nationwide  effort  is  needed, 
however. 


Recommendation  §2:  Develop  maximum  cost 
guidelines  for  the  federal  cost-share  by  practice, 
species,  site  index,  and  region  so  that  all  assisted 
cases  can  earn  at  least  some  minimum  financial 
return. 

For  example,  a  site  preparation  and  planting  cost 
of  $150  an  acre  may  just  yield  a  6-3/8%  return  for  a 
loblolly  pine  plantation  on  site  80  land  in  price  region 
10.  If  a  75%  cost-share  rate  is  used,  the  maximum 
federal  cost-share  for  the  practice  would  be  $113.  If  a 
particular  tract  costs  more  than  that  to  treat,  the 
owner  would  have  the  option  of  paying  the  added 
cost,  thereby  lowering  the  federal  cost  percentage. 
The  federal  share  would  remain  $113. 

The  maximum  cost  guidelines  could  be  developed 
at  a  number  of  levels  of  geographic  aggregation. 
There  are  advantages  to  each  level.  If  a  relatively  dis- 
aggregated approach  such  as  state-by-state,  is  used, 
care  must  be  taken  to  insure  that  the  analytical  proce- 
dures used  are  consistent.  Financial  return  is  much 
more  sensitive  to  the  initial  treatment  cost  than  any 
of  the  subsequent  costs  or  returns  (Mills  et  al.  1976) 
and  different  analysis  formats  can  give  widely  differ- 
ent answers. 

If  the  silvicultural  thresholds  and  maximum  treat- 
ment cost  guidelines,  set  to  achieve  a  minimum  6- 
3/8%  return  target,  had  both  been  in  use  in  1974,  the 
average  real  IROR  of  all  cases  would  have  been 
12.5%  and  96%  of  the  cases  would  have  earned  6- 
3/8%.  The  remaining  4%  of  the  cases  were  unpre- 
dictable plantation  failures.  In  1974,  an  estimated 
$0.8  million  dollars  in  federal  plus  private  cost- 
shares,  $0.6  million  of  which  was  federal  cost-shares, 
was  spent  on  cases  that  passed  the  silvicultural 
thresholds  but  failed  to  earn  6-3/8%  because  of  a 
combination  of  species,  site  index,  and  price  region 
effects. 

Priority  should  be  given  to  maximum  treatment 
cost  guidelines  for  shortleaf  pine,  red  and  white  pine, 
ponderosa  pine,  and  Douglas-fir  plantings.  All  of 
these  had  a  significant  percentage  of  cases  that  passed 
the  silvicultural  thresholds  but  could  not  earn  6- 
3/8%.  Attention  has  been  given  to  treatment  costs 
ever  since  the  first  program  year  and  since  the  first 
stage  evaluation  was  complete.  A  more  structured 
and  complete  approach  is  warranted. 


Recommendation  §3:  Distribute  cost-shares  among 
assistance  cases  in  a  manner  more  sensitive  to  the 
actual  cost  of  treating  each  case,  constrained  by  the 
maximum  cost-share  guidelines. 

Because  little  site  preparation  is  needed,  a  particu- 
lar site  80  loblolly  pine  plantation  in  price  region  10 
may  only  cost  $90  per  acre.  The  prescribing  forester 
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should  estimate  this  cost  and  recommend  that  the 
landowner  be  given  $68  per  acre  in  federal  cost- 
shares,  if  the  75%  share  level  is  used.  That  tract 
should  not  be  given  $113,  just  because  that  is  the 
maximum  cost-share  permitted  for  that  practice. 

Recall  that  the  first  siage  evaluation  concluded  that 
there  was  unexplained  cost  variation  among  the 
states.  The  attempt  to  relate  FIP  treatment  costs  to 
major  cost  determinants  such  as  terrain  factors  and 
the  amount  of  basal  area  removed  also  failed.  These 
results,  and  personal  communication  with  federal 
and  state  personnel,  indicate  that  maximum  treat- 
ment cost  ceilings  were  used  in  many  instances  in  lieu 
of  a  cost-share  allocation  procedure  which  was  more 
sensitive  to  the  actual  treatment  cost  of  individual 
cases. 

The  probable  result  was  that  many  cases  received  a 
higher  cost-share  than  was  necessary  to  achieve  the 
75%  cost-share  ceiling  set  by  law.  It  also  reduces  the 
financial  return  on  the  investments  and  raises  an 
equity  question  of  why  cost-share  percentages  should 
vary  among  participants.  Establishment  of  cost- 
share  maximums  by  practice,  species,  site  index,  and 
region  as  called  for  in  Recommendation  #2  should 
help  solve  this  problem.  Development  of  actual  treat- 
ment cost  prediction  equations  that  could  be  applied 
case-by-case  would  be  even  more  efficient,  though. 

The  new  1978  program  year  regulation  that 
permits  the  prescribing  forester  to  estimate  treatment 
cost  is  a  step  in  the  right  direction.  Some  states  also 
have  varying  cost  maximums  that  relate  the  federal 
cost-share  to  the  amount  of  basal  area  removed  by 
the  treatment.  Again,  a  more  concerted  effort  would 
improve  investment  efficiency. 


Recommendation  #4:  Avoid  installing  practices 
that  require  immediate  follow-up  treatments  if  the 
practice  can  be  installed  in  an  alternative  manner 
where  success  is  not  so  sensitive  to  successful  follow- 
up. 

This  recommendation  is  not  intended  to  exclude  ef- 
ficient practices  which  require  rapid  follow-up.  For 
example,  direct  seeding  followed  by  a  precommercial 
thinning  may  be  more  financially  desirable  than 
planting.  Hardwood  control  may  also  be  an  integral 
part  of  plantation  growth  in  the  South  on  some  sites. 
This  recommendation  is  directed  at  the  residual  basal 
area  cases  found  in  the  southern  pine  planting  and 
southern  pine  understory  release  practices.  These 
practices  appear  to  needlessly  place  the  initial  invest- 
ment in  jeopardy.  The  same  recommendation  applies 
to  similar  practices  that  lead  to  similar  conditions. 


Recommendation  #5:  Insure  that  follow-up  visita- 
tions to  the  site  of  the  initial  practice  are  an  integral 
part  of  the  program  delivery  structure. 

Past  studies  of  assistance  programs  indicate  that 
follow-up  treatment  was  not  applied  as  frequently  as 
needed.  This  study  identifies  several  areas  where 
follow-up  treatments  should  be  applied.  The  need  for 
hardwood  control  in  pine  plantations  is  frequent 
enough  in  the  1974  cases  to  warrant  special  attention, 
as  is  the  need  for  brush  control  in  Douglas-fir  planta- 
tions. Southern  pine  understory  release  cases  were 
also  frequently  overstocked  enough  to  need  a  pre- 
commercial thinning. 

Similarly,  commercial  thinnings  occur  in  many  of 
the  intermediate  treatments  in  hardwoods  within  10- 
20  years  after  initial  treatment.  Although  it  is  not  as 
time  sensitive  as  subsequent  treatments,  the  presence 
of  the  commercial  thinning  does  influence  the  finan- 
cial return  on  investment. 

Whether  identification  of  the  needed  follow-up 
leads  to  a  subsequent  technical  and/or  cost-sharing 
assist  is  a  question  of  program  policy.  Attention  to 
new  case  sign-ups  at  the  expense  of  adequate  follow- 
up  practices,  however,  will  have  a  significant  effect 
upon  the  financial  return  to  timber  output  and  the 
timber  yield  increase. 

Most  of  these  recommendations,  are  guidelines  or 
standards  that  the  service  forester  can  apply  on  the 
ground  during  the  case  selection  and  prescription 
process.  The  guidelines  would  inevitably  let  a  few 
low  priority  investments  through  and  block  some 
high  priority  investments  from  assistance.  If  properly 
designed,  however,  the  guidelines  would  signifi- 
cantly reduce  the  amount  of  low  priority  cases  in  the 
program  very  quickly. 

The  guidelines  could  be  developed  at  one  or  a  few 
central  locations  by  individuals  familiar  with  the 
analytical  techniques  involved.  The  service  forester 
will  still  have  to  use  a  great  deal  of  professional  judg- 
ment in  the  application  of  the  guidelines  to  individual 
situations.  Freed  of  the  detailed  analysis,  the  forester 
could  spend  the  majority  of  this  time  in  locating  new 
assists,  checking  for  follow-up  practices,  making 
treatment  prescriptions,  and  checking  for  practice 
completion;  tasks  for  which  the  forester  is  uniquely 
situated  and  trained. 

It  has  been  suggested  that  the  forester  actually  do 
the  financial  analysis  for  each  case  before  approving 
assistance.  While  this  exercise  would  force  the 
forester  to  place  all  the  physical  and  economic  infor- 
mation at  hand  into  a  helpful  format,  it  would 
detract  from  the  tasks  that  only  he  can  do.  In  many 
cases  it  would  also  result  in  inconsistent  and  incom- 
plete analysis. 

The  guideline  approach,  where  the  guidelines  are 
developed  in  a  consistent  manner,  is  a  more  practical 


approach  that  will  yield  the  greatest  and  quickest  im- 
provement. Implementation  of  the  five  recommenda- 
tions drawn  from  this  study,  while  at  the  same  time 
maintaining  recent  gains  such  as  the  10-acre  mini- 
mum tract  size  standard,  will  increase  the  timber  per- 
formance of  FIP  significantly. 
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Appendix  Table  A1.  Sample  ground  measurement  reporting  form  for  a  site  preparation  and  planting  case. 
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Appendix  Table  A2.  Sample  ground  measurement  reporting  form  for  a  timber  stand  improvement  case. 


Forestry  Incentives  Program 
Treatment  Analysis  Record 


(1)  A. 

Location  Description 
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Appendix  Table  A3.  Definitions  of  the  species  group  codes  used  to  distinguish  between  stylized  management  regimes 


Species  group  code  Definition 

1.  Slash  pine:  the  greatest  number  of  the  surviving  planted  seedlings  are  slash  pine;  or  in  the  case  of  a  timber 

stand  improvement  where  greater  than  50%  of  the  crop  basal  area  is  longleaf,  loblolly,  shortleaf, 
and/or  slash  pine,  slash  pine  has  the  greatest  amount  of  basal  area. 

2.  Longleaf  pine:  the  greatest  number  of  the  surviving  planted  seedlings  are  longleaf  pine;  or  in  the  case  of  a  tim- 

ber stand  improvement  where  greater  than  50%  of  the  crop  basal  area  is  longleaf,  loblolly,  short- 
leaf  and/or  slash  pine,  longleaf  pine  has  the  greatest  amount  of  basal  area. 

3.  Loblolly  pine:  the  greatest  number  of  the  surviving  planted  seedlings  are  loblolly  pine;  or  in  the  case  of  a  timber 

stand  improvement  where  greater  than  50%  of  the  crop  basal  area  is  longleaf,  loblolly,  shortleaf 
and/or  slash  pine,  loblolly  pine  has  the  greatest  amount  of  basal  area. 

4.  Shortleaf  pine:  the  greatest  number  of  the  surviving  planted  seedlings  are  shortleaf  pine;  or  in  the  case  of  a  tim- 

ber stand  improvement  where  greater  than  50%  of  the  crop  basal  area  is  longleaf,  loblolly,  short- 
leaf  and/or  slash  pine,  shortleaf  pine  has  the  greatest  amount  of  basal  area. 

5.  Virginia  pine  and  the  greatest  number  of  the  surviving  planted  seedlings  are  Virginia  pine  or  other  southern  pine;  or 
other  southern  pine:      in  the  case  of  a  timber  stand  improvement  where  greater  than  50%  of  the  crop  basal  area  is 

Virginia  pine  and/or  other  southern  pine. 


6.  Oak-pine: 

7.  Red  pine: 

8.  White  pine: 

9.  Spruce/Spruce-fir: 

10.  Northern  pine: 

11.  Jack  pine: 

12.  Oak-hickory: 

13.  Cove  hardwood: 

14.  Black  walnut: 

15.  Northern  hardwood: 

16.  Hemlock: 

17.  White  birch: 

18.  Larch: 

19.  Ponderosa  pine: 

20.  Douglas-fir: 

21.  Lodgepole  pine: 


greater  than  50%  of  the  crop  basal  area  is  northern  red  oak,  southern  red  oak,  white  oak,  other 
oaks,  hickory,  gums,  and/or  sweetgum,  and  15%  to  50%  of  the  crop  basal  area  is  longleaf,  lob- 
lolly, shortleaf  and/or  slash  pine. 

the  greatest  amount  of  the  surviving  planted  seedlings  are  red  pine;  or  in  the  case  of  pruning  the 
greatest  amount  of  the  crop  basal  area  is  red  pine. 

the  greatest  amount  of  the  surviving  planted  seedlings  are  white  pine;  or  in  the  case  of  pruning 
the  greatest  amount  of  the  crop  basal  area  is  white  pine. 

the  greatest  amount  of  surviving  planted  seedlings  are  black  spruce,  red  spruce,  white  spruce, 
balsam  fir,  and/or  other  true  firs;  or  in  the  case  of  a  timber  stand  improvement,  greater  than  50% 
of  the  crop  basal  area  is  black  spruce,  red  spruce,  white  spruce,  balsam  fir,  and/or  other  true  firs. 

greater  than  45%  of  the  crop  basal  is  eastern  white  pine,  red  pine,  jack  pine,  and/or  hemlock,  but 
less  than  47%  of  the  crop  basal  area  is  hemlock,  and/or  less  than  45%  is  hard  maple,  soft  maple, 
beech,  yellow  birch,  black  cherry,  and/or  basswood. 

the  greatest  amount  of  the  surviving  planted  seedlings  are  jack  pine. 

greater  than  49%  of  the  crop  basal  area  is  hickory,  northern  red  oak,  southern  red  oak,  white  oak, 
other  oaks,  yellow  poplar,  elm,  and/or  white  ash  but  less  than  8%  of  the  crop  basal  area  is  black 
walnut,  less  than  15%  of  the  crop  basal  area  is  loblolly,  longleaf,  slash,  shortleaf,  less  than  60% 
is  yellow  poplar,  and/or  less  than  41  %  is  white  ash. 

greater  than  60%  of  the  crop  basal  area  is  yellow  poplar  or  greater  than  41%  of  the  crop  basal 
area  is  white  ash,  but  less  than  8%  of  the  crop  basal  area  is  black  walnut. 

black  walnut  seedlings  have  been  planted  or  in  the  case  of  a  timber  stand  improvement  greater 
than  7%  of  the  crop  basal  area  is  black  walnut. 

greater  than  45%  of  the  crop  basal  area  is  hard  maple,  soft  maple,  beech,  yellow  birch,  black 
cherry,  basswood  and/or  white  ash,  but  less  than  8%  of  the  crop  basal  area  is  black  walnut, 
and/or  less  than  41  %  of  the  crop  basal  area  is  white  ash. 

greater  than  47%  of  the  crop  basal  area  is  hemlock,  but  less  than  45%  is  hard  maple,  soft  maple, 
beech,  yellow  birch,  black  cherry  and/or  basswood. 

greater  than  40%  of  the  crop  basal  area  is  white  birch  and/or  yellow  birch,  but  less  than  45%  is 
hard  maple,  soft  maple,  beech,  yellow  birch,  black  cherry,  and/or  basswood,  and/or  less  than  45% 
of  the  crop  basal  area  is  eastern  white  pine,  red  pine,  jack  pine,  and/or  hemlock. 

greater  than  90%  of  the  surviving  planted  seedlings  are  larch. 

ponderosa  pine  was  the  planted  species,  or  the  crop  trees  were  predominantly  ponderosa  pine. 
Douglas-fir  was  the  planted  species,  or  the  crop  trees  were  predominantly  Douglas-fir. 
the  crop  trees  were  predominantly  lodgepole  pine. 
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Appendix  Table  A7.  Continued. 


Region 


Species 

Product 

1 

2 

3 

5 

6 

Douglas-fir 

sawtimber 

77.85 

— 

372.00 

625.00 

pulpwood 

A  A  —7  OO 

417.88 

Ponderosa  pine 

sawtimber 
pulpwood 

167.55 

54.65 

251.00 

468.30 

Jeffrey  pine 

sawtimber 

— 

— 

— 

468.30 



pulpwood 

Sugar  pine 

sawtimber 

— 

— 

— 

487.15 

— 

pulpwood 

Lodgepole  pine 

sawtimber 

40.50 

108.25 

69.30 

r~\  i  1 1  r~*  \  A  /    /~t  r\ 

puipwuuu 

Engelmann  spruce 

sawtimber 

131.30 

pulpwood 

Western 

sawtimber 

92.40 

463.80 

red  cedar 

pulpwood 

True  f  irs 

sawtimber 
pulpwood 

60.90 

219.30 

Western  larch 

sawtimber 

134.00 

pulpwood 

1For  regional  delineations  see  figure  3  showing  the  stylized  stumpage  price 
regions  in  the  East. 
2Stumpage  price  for  non-pruned  eastern  white  pine. 
3Stumpage  price  for  non-pruned  red  pine. 
'Stumpage  price  for  non-pruned  black  walnut. 
5Stumpage  price  for  pruned  eastern  white  pine. 
6Stumpage  price  for  pruned  red  pine. 
7Stumpage  price  for  pruned  black  walnut. 
eThese  regions  refer  to  the  Forest  Service  administrative  units. 


Appendix  Table  A8.  Percentages  by  which  the  posttreatment  stumpage  prices  differ  from  the 

pretreatment  prices,  by  species  and  region 


Region1 


Species 

1 

2 

3  +8 

4 

5 

6+13 

7 

White  oak 

20 

20 

22 

27 

25 

20 

39 

Southern  red  oak 

18 

23 

26 

22 

19 

Northern  red  oak 

19 

18 

23 

26 

22 

19 

25 

Other  oaks 

16 

15 

20 

23 

19 

16 

22 

Yellow  poplar 

12 

12 

24 

23 

22 

20 

All  hickories 

21 

21 

21 

21 

22 

21 

20 

Black  walnut 

26 

28 

21 

27 

27 

37 

Butternut 

20 

20 

American  elm 

24 

26 

26 

21 

15 

28 

Black  cherry 

18 

20 

24 

23 

22 

20 

20 

Basswood 

20 

16 

24 

22 

27 

25 

White  ash 

19 

17 

22 

28 

26 

26 

27 

Beech 

28 

19 

24 

17 

17 

19 

Yellow  birch 

16 

19 

18 

18 

18 

17 

White  birch 

17 

17 

17 

17 

26 

Hard  maple 

16 

21 

26 

26 

20 

20 

22 

Soft  maple 

14 

19 

23 

23 

23 

11 

37 

Aspen 

12 

12 

12 

12 

32 

Cottonwood 

21 

21 

21 

13 

25 

Sweetgum 

21 

20 

19 

Other  gums 

21 

21 

20 

19 

Other  hardwoods 

17 

19 

21 

27 

19 

15 

20 

1For  regional  delineations  see  figure  3  showing  the  stylized  stumpage  price  regions  in  the 
East. 
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Appendix  Table  A9.  Average  subsequent  treatment  costs  in  dollars  per  acre  by  species  group 

and  region 


Region1 


Practice 

Species  group 

South 

Central 

Northeast 

Lake 
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Olio  |Ji  tJfJcu  a  HUM 

ithprn  nin^2 

3R9  1R 

\JC..  I O 
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oy.  i  y 
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anH  nlantinn 
a  1 1  u  \J  i  d  1 1  u  1 1  y 

4fifi  R9 

OO. Oil 

Ha  \c~r\  i  np 

RR  R9 

OO.Oii 

7R  nn 
1  o.uu 

RQ  1Q 

OS?.  I  0 

Mnrthprn  ninp5 

R4  m 

R1  14 

47  7fi 

R7  R1 
0  /  .0  i 

Othpr  nnrthprn 

^R  RR 

^R  ftfi 
00.00 

OO.OO 

RR  1R 

OO.  I  0 

pnni  f  pr^ 

UUI  1 1 1  CI 

Rl^rk  w£i  1  n i it 

UlOurx  V  V  ul  1  IU  I 

fi9  R7 

81  RT 
0  i  .00 

9Q  pn 

RO  RR 

ndi  u  wuuu 

^nuthprn  ninp 

OUU  11  ICI  1  1  LJIIIt? 

1  r  nn 

ir  nn 

I  o.uu 

ir  nn 

1  o.uu 

Lrl/I  1 11  Ul 

Northprn  ninp 

INUI  11  Id  1  1  fJIIIC 

ir  nn 

I  o.uu 

ir  nn 

I  o.uu 

ir  on 

I  o.uu 

1  r  nn 

I  o.uu 

Othpr  nnrthorn 

\y  L  1  1 1;  1   1  \\J  1  L  1  1*3  1  1 1 

1  r  nn 
I  o.uu 

1  r  nn 

l  O.UU 

ir  nn 

I  o.uu 

ir  nn 

I  o.uu 

pnn  i  f  pr 

IvUI  1 1 1  Cl 

DiaL-rx  Wall  lU  L 

ir  nn 

ir  nn 

I  o.uu 

ir  nn 

I  o.uu 

ir  on 

I  o.uu 

Procrriho  hiirn 
r icoui iuc  uuiii 

^mithprn  ninp 

OVJULIIClll  LJI1IC2 

9  Rn 
^.ou 

0  Rn 

41. OU 

9  Rn 

£.OU 

i  I  cUUI  1 II 1  Id  Ulal 

Qoiithprn  ninp 
ouuuici  1 1  putt? 

99  nn 

99  nn 

99  nn 

thin 
LI  III  1 

DlaL/r\  WdlMUl 

1  r  nn 
I  o.uu 

1  r  nn 
I  o.uu 

1  r  nn 

I  O.UU 

1  r  nn 

I  o.uu 

Mnrthprn  hcirH\A/nnH 
INUI  11  lcl  1  1  1  lal  UWUUU 

ACt  QR 

*31  ^Q 

\A/hitp  hirph 

Will  lc  Ull  L-l  1 

9R  4n 

9R  4n 

9R  4n 

1  ntormoH  i  z\  t o 
1 1 1  Lt2l  1 1  icuiait/ 

Qni  ithprn  ninp 

OUU  U  ICI  1  1  |J  1  1  1 1, 

94  R4 

94  91 

Othor  nnrthorn 
Ulllul  nui  U  lt>  1 1 1 

OR  77 

9R  77 

9R  77 

9R  77 
^O.  1  1 

conifer 

Oak-hickory 

29.71 

25.29 

42.82 

49.77 

Black  walnut 

700  nn 

'22.00 

7rtn  An 

722.00 

700  nn 

722.00 

22.00 

829.71 

825.29 

842.82 

849.77 

Cove  hardwood 

29.71 

25.29 

42.82 

49.77 

Northprn  harri\A/nnH 

1  NUl  IMUM  1   1  ICll  U  VV  UUU 

40  Qfi 

HU.\7U 

?1  ?Q 

ir 

White  birch 

9?  7fi 

0"\  7fi 

9?  7fi 

Prune 

Northern  pine 

36.67 

58.14 

36.67 

24.35 

Black  walnut 

712.00 

712.00 

712.00 

712.00 

816.02 

816.02 

816.02 

817.75 

Region9 

Practice 

R-1 

R-2 

R-3 

R-5 

R-6 

Planting 

85.00 

10200.00 

150.00 

90.00 

65.00 

Precommercial  thin  60.00 

60.00 

11.50 

78.00 

40.00 

Spray  (brush  control)  — 

25.00 

Release 

31.00 

1The  regions  include  the  following  states:  South — Georgia,  Florida,  Alabama,  Mississippi, 
Louisiana,  Texas,  Oklahoma,  Arkansas,  Maryland,  Delaware,  Virginia,  North  Carolina,  South 
Carolina;  Central — West  Virginia,  Kentucky,  Tennessee,  Ohio,  Indiana,  Illinois,  Iowa, 
Missouri;  Northeast — Pennsylvania,  New  York,  Massachusetts,  Connecticut,  New  Jersey, 
Rhode  Island,  Maine,  New  Hampshire,  Vermont;  Lake — Michigan,  Minnesota,  Wisconsin. 

2Southern  pine  includes  longleaf,  slash,  loblolly,  shortleaf,  Virginia  pines. 

3Cost  for  longleaf  and  slash  pines. 

'Cost  for  loblolly,  shortleaf,  Virginia  pines. 

^Northern  pine  includes  white,  red,  and  jack  pine,  and  hemlock. 

6Other  northern  conifer  includes  spruce  and  spruce-fir. 

7Cost  for  black  walnut  plantations. 

aCost  for  natural  stands  of  black  walnut. 

9These  regions  refer  to  the  Forest  Service  administrative  regions. 

107/7/'s  is  the  cost  for  the  Rocky  Mountain  area;  the  Black  Hills  cost  is  $150/acre. 
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Appendix  Table  A10.  Average  percentage  data  changes  necessary  to  raise  or  lower  the  IROR  by  1  percent  of  interest,  by 

sample  cell  and  three  data  groups 


Upper  IROR  threshold3  Lower  IROR  threshold4 


Sample 

Simple 
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Final 

Subsequent 

Final 

cell 

average 

treatment 

Commercial 

harvest 

Stumpage 

treatment 
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cost 
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price 

cost 
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50 

15.8 

22 

OC  o 

262 

H  O 

18 

-20 

-138 

H  J 

-14 

51 

17.0 

21 

735  875 

22 

-18 

537  799 

-18 

52 

10.6 

-186 

33 

115 

37 

313 

-32 

-59 

-28 

53 

13.0 

-290 

31 

155 

19 

301 

-28 

-71 

-16 

54 

10.4 

43 

121 

33 

-40 

-57 

-24 

55 

12.7 

-348 

11 

11 

319 

-12 

-12 

56 

18.8 

16 

17,302 

15 

-14 

-9,023 

-13 

57 

18.1 

27 

773 

20 

-24 

-349 

-17 

58 

11.9 

35 

428 

25 

-31 

-200 

-19 

59 

23.3 

15 

39,798 

15 

-13 

-20,977 

-12 

60 

19.1 

-506 

20 

35,292 

18 

478 

-17 

-19,120 

-15 

51 


Appendix  Table  A10.  Continued. 


 Upper  IROR  threshold3  Lower  I ROR  threshold4  

Sample       Simple    Subsequent  Final  Subsequent  Final 

cell         average     treatment  Commercial    harvest     Stumpage      treatment  Commercial    harvest  Stumpage 


number1 

IROR2 

cost 

thin  yield 

yield 

price 

cost 

thin  yield 

yield 

price 

61 
62 
63 
64 
65 

13.2 
22.7 
7.2 
6.3 
13.0 

-337 
-298 
-210 

17 
89 
160 
40 

46 

155,569 
5,717 
1,733 
2,336,026 

13 
16 
84 
93 
27 

289 
294 
309 

-14 
-55 
-135 
-37 

-32 
-85,539 
-1,068 
-386 

*5 

-12 
-14 
-47 
-56 
-19 

66 
67 
68 
69 
70 

10.1 
19.2 
17.0 
22.9 
15.7 

-326 

-764 
-348 

18 
41 
18 
15 
24 

12,511 

*5 

1,449 
30,292 
225 

15 
36 
19 
11 
15 

349 

632 
261 

-15 
-44 
-18 
-23 
-20 

-4,638 

*5 

-915 
-27,743 
-99 

-11 
-43 
-18 
-16 
-12 

71 
72 
73 
74 
75 

11.6 
32.7 
12.2 
21.5 
64.4 

-210 
-181 
-163 

102 
2 
79 
17 

1,988 

*5 

110 
71 

57 
12 
41 
11 

344 
238 
213 

-87 
-45 
-67 
-14 

-407 

*5 

-66 
-46 

-41 
-41 
-30 
-9 

76 
77 

5.3 
4.6 

61 

763 

79 
407 

63 
218 

-340 
-336 

-84 
-201 

-64 
-83 

Note:  The  sensitivity  of  the  data  changes  were  calculated  independently  for  each  data  group.  No  joint  data  group  changes 
were  tested. 

1See  table  2  for  description  of  sample  cell  number. 

2This  is  the  simple  average  IROR  of  all  non-zero  cases  in  the  cell. 

3The  upper  IROR  threshold  is  the  average  percentage  data  change  required  to  increase  the  IROR  level  by  one  percentage 
point  of  interest  above  the  original  estimate. 

"The  lower  IROR  threshold  is  the  average  percentage  data  change  required  to  lower  the  IROR  level  one  percentage  point  of 
interest  below  the  original  estimate. 

''The  percent  exceeds  9,999,999.99. 

6Only  one  case  had  a  non-zero  IROR,  therefore  no  sensitivity  calculated  for  the  cell. 
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Appendix  Table  A12.  Financial  return  and  yield  results  by  broad  practice  groups  under  the  total  cost  option 


Species  group  and  practice 

Average 
IROR 

Total  B/C 
ratio 

@  6-3/8% 

Total  PNW 

@  6-3/8% 

Cases 
earning 

6-3/8% 

Average 

||  A  1 

MAI 

increase 

Total  yield 
increase 

Sawtimber  Pulpwood 

(percent) 

(mil. 

(percent) 

(cu  ft/ 

(mil. 

nfo//ar<?) 

dc/yr) 

cu  ft) 

Southern  pine,  plantings 

10.7 

3.2 

28.04 

89 

108.1 

320.1 

229.8 

Southprn  ninp  and  oak-ninp 

timber  stand  improvement 

8.5 

2.8 

4.02 

72 

45.4 

45.2 

33.4 

Northern  conifer,  plantings 

6.1 

0.5 

-0.18 

29 

122.5 

298.1 

27.9 

Northern  conifer 

timber  stand  improvement 

7.6 

0.8 

0.30 

50 

24.6 

13.5 

3.7 

Hardwood,  planting 

9.4 

15.3 

6.02 

57 

44.0 

6.1 

2.0 

Oak-hickory, 

timber  stand  improvement 

4.3 

0.8 

0.45 

37 

9.5 

25.6 

2.4 

Black  walnut  &  cove  hardwood, 

timhprc;t^nH  imnrnupmpnt 

I  1  1  t  1  U  C  f    O  lal  IU   II  MUI  UVCI  1  IUI  1  I 

1Q 

1?  n 

7  R1 

1  .O  1 

77 

1fi  T 

10.9 

0.2 

Northern  hardwood, 

timber  stand  improvement 

12.6 

3.2 

2.48 

76 

10.4 

13.5 

4.6 

Western  conifers,  planting 

4.8 

3.2 

0.95 

47 

67.1 

2.3 

2.4 

Western  conifers, 

timber  stand  improvement 

6.7 

1.6 

0.53 

30 

15.6 

2.6 

0.5 

Total,  all  species  and  practices 

9.4 

3.0 

50.44 

63 

74.8 

737.8 

306.8 

Appendix  Table  A13.  Weighted  average  IROR  under  the  direct  cost  option  of  the  FIP  treatment,  by  detailed  species  and 

practice  groups 


Practice 


Plant 

Site 

Precom- 

bare 

preparation 

Understory 

mercial 

Prune  and 

Species 

land 

and  planting 

release 

thin 

Intermediate 

intermediate 

Prune 

Total 

Slash  pine 

13.8 

12.2 

17.0 

27.2 

3.2 

12.2 

Longleaf  pine 

11.3 

13.9 

8.8 

13.2 

Loblolly  pine 

14.0 

10.1 

12.6 

13.8 

7.7 

11.0 

Shortleaf  pine 

3.9 

5.9 

6.8 

8.6 

7.5 

Virginia  pine 

4.6 

4.8 

4.2 

4.2 

Oak-pine 

4.8 

4.8 

Red  pine 

8.2 

6.9 

6.4 

3.8 

13.3 

8.2 

White  pine 

6.7 

5.7 

7.4 

9.8 

12.6 

8.4 

7.7 

Jack  pine 

5.1 

7.0 

5.2 

Spruce-fir 

6.8 

6.7 

3.6 

6.1 

Hemlock 

1.9 

1.9 

Larch 

7.5 

0.0 

0.7 

Oak-hickory 

2.3 

7.1 

4.7 

4.7 

Cove  hardwood 

4.4 

16.0 

14.5 

Black  walnut 

14.0 

14.0 

16.9 

14.6 

24.0 

Northern  hardwood 

15.0 

15.0 

White  birch 

14.3 

14.3 

Douglas-fir 

12.4 

7.2 

14.8 

10.8 

Ponderosa  pine 

2.0 

3.7 

3.2 

Lodgepole  pine 

1.1 

1.1 

Total 

11.6 

10.1 

11.4 

20.9 

8.6 

24.0 

11.9 

10.2 
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Appendix  Table  A14.  Percentage  of  cases  that  exceeded  the  silvicultural  thresholds  and  the  additional  percentage  that  could 

not  earn  6  3/8%  by  detailed  species  and  practice  groups 


Species 

Practice 

Plant 
bare 
land 

Site 
preparation 
and  planting 

Understory 
release 

Precom- 
mercial 
thin 

Intermediate 

Prune  and 
intermediate 

III  Id  1I1CUIUIC 

Prune 

Total 

Slash  pine 

124 

20 

6 

1 

0 

0 

0 

0 

82 

n 

77 

1 

Longleaf  pine 

29 

0 

0 

o 

44 

o 





77 

o 

Loblolly  pine 

9 

0 

7 

0 

3 

0 

0 

o 

20 

10 



_ 

7 

o 

Shortleaf  pine 

77 

50 

0 

78 

11 

6 

33 

o 

_ 

20 

19 

Virginia  pine 

0 

100 

0 

100 

_ 

78 

0 

_ 

47 

47 

Oak-pine 

70 

11 

70 

1 1 

Red  pine 

11 

11 

3 

16 

_ 

_ 

0 

33 

64 

0 

3 

3 

70 

11 

White  pine 

23 

18 

19 

45 

0 

o 



9 

7 

16 

0 

0 

22 

77 

22 

Jack  pine 

0 

100 



0 

0 

0 

87 

Spruce-fir 

24 

17 

8 

11 





35 

30 





23 

18 

Hemlock 





18 

82 





18 

82 

Larch 

0 

0 

100 

o 

_ 

_ 





58 

o 

Oak-hickory 

50 

o 

0 

33 

_ 

_ 

56 

1 

100 

o 

_ 

54 

2 

Cove  hardwood 

33 

0 

28 

0 

o 

29 

0 

Black  walnut 

40 

o 

10 

o 

9 

20 

0 

o 

5 

o 

77 

5 

Northern  hardwood 

19 

1 

19 

1 

White  birch 

_ 

28 

0 

_ 

28 

o 

Douglas-fir 

0 

o 

27 

0 





26 

26 





23 

11 

Ponderosa  pine 

80 

9 

29 

61 

19 

Lodgepole  pine 

33 

67 

33 

67 

Total 

15 

10 

10 

10 

4 

1 

0 

0 

33 

6 

79 

1 

3 

7 

77 

8 

"Percentage  of  cases  that  exceeded  silvicultural  thresholds. 
Additional  percentage  of  cases  that  failed  to  earn  6-3/8% 
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Appendix  Table  A15.  Weighted  average  increase  in  MAI  per  acre  by  detailed  species  and  practice  groups 


Practice 


Plant 

Site 

Precom- 

bare 

preparation 

Understory 

mercial 

Prune  and 

Species 

land 

and  planting 

release 

thin 

Intermediate 

intermediate 

Prune 

Total 

Slash  pine 

103.8 

105.0 

87.9 

52.5 

4.5 

— 

— 

99.9 

Longleaf  pine 

57.3 

100.4 

— 

— 

5.1 

— 

— 

86.6 

Loblolly  pine 

126.0 

105.7 

91.2 

43.1 

12.9 

— 

— 

102.7 

Shortleaf  pine 

49.1 

64.1 

38.4 

— 

5.6 

— 

— 

25.4 

Virginia  pine 

50.2 

46.7 

— 

— 

9.9 

— 

— 

13.8 

Oak-pine 

— 

— 

— 

— 

3.2 

— 

— 

3.2 

Red  pine 

131.6 

107.6 

— 

— 

34.9 

16.0 

0.0 

104.4 

White  pine 

122.5 

129.5 

108.5 

— 

40.0 

34.6 

0.0 

92.3 

Jack  pine 

— 

59.2 

— 

— 

35.0 

— 

— 

57.7 

Spruce-fir 

105.9 

107.8 

— 

— 

3.6 

— 

— 

83.9 

Hemlock 

— 

— 

— 

— 

-3.0 

— 

— 

-3.0 

Larch 

116.0 

0.0 

— 

— 

— 

10.8 

Oak-hickory 

on  -i 

100. 0 

9.5 

0.0 

10.3 

Cove  hardwood 

43.6 

— 

— 

26.9 

10.0 

— 

29.1 

Black  walnut 

33.1 

34.6 

4.1 

5.3 

0.0 

12.1 

Northern  hardwood 

9.8 

9.8 

White  birch 

32.7 

32.7 

Douglas-fir 

177.8 

105.0 

39.9 

77.0 

Ponderosa  pine 

12.4 

1.6 

5.0 

Lodgepole  pine 

0.7 

0.7 

Total 

121.5 

104.1 

78.6 

48.1 

11.8 

18.1 

0.0 

73.8 
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